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PREFACE. 



The Graptolites of the Quebec group, which are the subject of the 
present Decade, were first discovered at Point L^vis in 1854, and were 
then confided for investigation and description to Professor Jame0 Hall of 
Albany, the distinguished Palaeontologist of the Geological Survey of the 
State of New York. This was prior to the appointment of Mr. E. 
Billings as Palaeontologist to the Canadian Survey, in 1856. After a 
preliminary notice communicated by Professor Hall in 1855, extensive 
additions were made to the collection of Canadian Graptolites, which 
were placed in his hands ; and in 1858 descriptions by him of nearly 
all the species "here figured were published in the Report of Progress 
of the Geological Survey of Canada for 1857, but without illustrations. 
Figures of one of the species were however published in the Canadian 
Naturalist for June 1858; but various accidental difficulties having 
occurred in the preparation and engraving of the plates, the publication 
of the Decade has been delayed until the present time. 

It is to be remarked that although the name of Decade, under which 
Parts I, ni, and iv were published, is still retained, this monograph is 
illustrated by not less than twenty-three plates. These are all from 
excellent drawings by Mr. R. P. Whitfield of Albany. Twenty-one of 
them were engraved on steel by Mr. James Duthie of New York, and 
the remaining two were lithographed by Mr. F. J. Swinton of Albany. 

W. B. LOGAN. 
Geological Survey Office, 
Montreal, December 1864. 
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CHAPTER I. 

INTRODUCTION. 
^ I.-^KATURB JkJSm^ FORM OF QRAPTOLirBS^ 

Until rece&d; the graptolite^ were, with two or three exceptions^ known 
only as simple^ straight, or slighfly curving linear dtipes or stems, usually 
lying in the same plane upon the slaty laminse in which they were imbedded. 
Nearly all akese were evidently fragmentary, and, though varying some» 
what in their proportions, rarely exhibited anything that could be regarded 
as the commencement or termination of their growth or development. 
These bodies,^ in their flattened condition, present a range of serratores 
either on one or on both sides of the stipe ; and seldom preserve moi^ 
of their substance than a carbonaceous or corneous film or test of extreme 
tenuify. Under more favorable circumstances, these serratures are dis- 
covered to indicate the apertures of cellules, symmetrically arranged in 
reference to each other, and to the axis of the linear stipe. Others show 
parallel entire margins, with tno^verse indentations across the central 
portion of the siipe. This appearance we now know to be due to the 
direction of the pressure upon the body exerted at right angles to the 
Cellules, and which will be explain^ in the sequeL 

The earliest opinion regarding these fossib was that they were of vege-^ 
table origin ; and they have been thus considered by mtht authors even 
at a very late period. Subsequently, they were referred by Wahlenberg, 
and after him by Schlotheim, to the Cephalopoda, being .regarded a» 
extremely slender orthoceratites. This opinion may have received sup- 
port from specimens in such condition as (7. scalarisy where the indentations 
are limited on each side by a continuous margin ; but in such as present 
a single or double series of marginal serratures, the analogy seems very 
remote. Professors Geinitz' and Quenstedt advocated the same view at 
a much later date ; though it has since been abandoned by these authors, 
from more extended investi^tions.^ 

A 
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Professor Nilsson first suggested that graptolites were Polypiaria, belong- 
ing to the family Ceratophyta. Dr. Beck of Copenhagen regarded them 
as belonging to the group PennatuUdae, of which the Linnean Virgularia 
is the most nearly allied existing form. Sir Roderick Murchison has adopted 
this view of the relations of the graptolites, in his Silurian System.* 
(reneral Portlock has fully recognized the graptolites as zoophytes, 
and has pointed out their analogy with Sertularia and Plumularia. 

The relations of graptolites with the Cephalopoda had already been 
fully disproved by M. Barrande (in the first chapter of his " Graptolites 
de Boheme^^')y before the abundant materials for the refutation were dis- 
covered in the graptolites of the Quebec group ; and most naturalists were 
already agreed in referring these bodies to the class of Polypi, to which 
they doubtless belong. 

More recently, Mr. McCrady, of South Carolina, has published a paper 
on the " Zoological Affinities of Graptolites,"! in which he has endeavored 
to show the similarity of the graptolitic forms with the Echinoderm larvae, 
as illustrated by Miiller. There is certainly much resemblance between 
the enlarged figures of that author, and some forms of graptolites in the 
shales of the Hudson River valley ; while some of the figures with central 
discs have a more remote analogy with certain forms from the Quebec 
group. Some of the toothed rods of the Echinoderm larvae likewise bear 
a resemblance to the graptolites figured by Mr. Suess ; J and there are still 
farther analogies pointed out by Mr. McCrady, which, however, may not 
be regarded as of equal value by the greater number of naturalists. 

For my own part, although admitting the similarity of form and of some 
of the characteristics which were very kindly pointed out to me by Mr. 
McCrady, long before his publication, I cannot recognize the analogy 
sought to be demonstrated. The establishment of the fact that these 
toothlets or serratures are the extensions of true cellules, each one having 
an independent aperture, and communicating with a common canal, should 
ofier convincing argument against these bodies being other than polyp- 
bearing skeletons. But, in following the extensive series of forms now 
presented to us, we have much evidence to show that some of these were 
attached to the bed of the ocean, or to other bodies ; while the greater 
proportion of the species and genera appear to have never been attached 
to the sea-bottom. 

It may not be easy to determine precisely the family to which these 



* SLlarian System, page 694 ; and letter of Dr. Beck, pp. 695-6. 

t <* Remarks on the Zoological Affinities of the Graptolites, by John McCrady, made 
before the Eliot Society of Natural History of Charleston, S. C, at the meeting of July 
15, 1857.'' [Extract from the Proceedings, vol. i.] 

t Naturwissenscbaftliche Abhandlungen. Yierter Band. Tab. Till and ix. 
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graptoliiic forms should be referred ; nor is it certain that the extensive 
series now presented can all properly be referred to a single family. 
General Fortlock has suggested that these bodies may constitute ^^ several 
genera belonging even to more than one order." * That they are true 
Polypi, I believe we shall be able to show, both from analogies already 
established by various authors, and also from their mode of development 
or reproduction as exhibited in some of the species. 

The specimens which have usually been observed or represented are 
simple disconnected stipes, doubtiess the dismembered or fragmentary 
portions of fronds, which, presenting in the different species great varieties 
of fo!rm and aspect when entire, are nevertheless composed of parts so 
similar that these fragments, though indicating specific differences, offer 
litfle clue to a knowledge of the entire form. 

The name QraptoUihuB was established hj Linnaeus in the first edition 
of his " SyBtema NaturcBj^ 1736, and applied by him to the straight or 
curved forms which are . serrated (celluliferous) upon one side only, of 
which Q-. saffittarius has been regarded as the type.f The propriety of 
this term is more readily perceived in its application to the fragments of 
the stipes of monoprionidian forms than to the central portions! of the 
body of the same. In the spirally-enrolled forms, or those with four or 
more stipes uniting in a central disc, as well as in the variously-branching 
forms, the analogy is not so perceptible. 

Taking those species which, in the form of their cellules and in the 
separated fragments of the frond, would be referred to Ghaptolites proper, 
and tracing them, as we are now able to do in many species, to their 
perfect condition, we find a great variety of form and mode of growth. 
In the simplest of these we have two stipes divergmg from a radicle, or 
initial point ; and the parts remain so complete as to admit of no doubt 

Fig. 1. 




Graptouthus pennatulus. 

that this is the entire skeleton of the animal. The cellules near the base 
of the stipe are not so fully developed ; while also those near the extremi- 
ties have not reached their full dimensions, and the last one is sometimes 
barely perceptible, or just assuming its form from the common body. These 
characteristics are perceptible in the figures upon plates i, ii, and iii. 

In the next stage we have four simple stipes diverging from an initial 
point, and all evidently entire, as shown in the development of the cellules. 



* Geological Report on Londonderry, &c.| p. 318. 

t I shall elsewhere endeavor to show that G, sealaris is a diprionidian form exhibit- 
ing onlj one margin. 
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Fig. 2. 




GRAPTOLITHnS BBTOKOIDSS. 



Itt some species of Has mode of growth, the bases of the stipes are 
united m a more or less expanded disc or cup of the same substance as the 
body of the graptolite. The form of this disc is shown on plates v, ti, 
¥ii, rai, ffiid, iz, and also in the accompanying figure of Graptolithus Hmdi. 




GKATTOLITHirS 00T0BBJLCmA.TinR 



In a farther development in the same, direoitlon^ we. have fironds with 
ei^t simple stipes^ which may er xaa^ nekbe uniti^ in a.ceQ.tiibl: disc, as 
in the accompanying figure. 



GKAFTOUIIZB. 



la GraptoUAus Logani tre hare namerooB Bimple etipes united in a 
central disc or onp ; vbile ia lome apecimwos otherwise [««dseljr {omilur, 
we have no remains of the disc. ^ all tliese^>edes the parte are disposed 
is a syBuoetrical and bilateral arraDgemeat. 



Figt. S and d. 




Graptolithus Looam. 
The stipes of this BpeoJes do not Infiuvate beyond the due, and there 
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are no cellules below the last bi&rcation. The nvimber of stipes id different 
individuals varies from ^teen to twentj-fire, so that this character cannot 
bemade of specific importance. In another similar speoies without a central 
disc, from the Hudson River formation, we have above forty stipes, which do 
not bifurcate, so far as known, beyond the commencement of the cellules. 




Gbaftouthus hultifascutcs. 

The sepw^ted and broken stipes referred by me to Gfraptolithus mgit- 
tariut ' are probably of this species, occurring as they do in great numbers 
in the same beds in which this was found. 

In other species with a amilar general arrangement of parts, the nuun 
stipes are ft«c|uently biiurcated ; the bifurcations beginning near the base, 
and continuing as far as the parts can be traced in the stone (fig. 8). 
In some of the species of this character the cellules be^ near the base 
of the stipes, while in one species they are not known to exist except 
on the outer branchlets. 

Thus far we trace these forms through what appear to be very natural 
stages in the progress of development of the parts, which are all constructed 
upon the same plan, presenting only natural, and we may almost say con. 
sequent modificatitms. 

The character of stipes and cellules in all these is such that the sepa- 
rated fragments would afibrd no means of indicating whether the part 
belonged to a two, four, or eight-stiped species, or to those with numerous 
simple stipes, or with branching stipes, onleas the fragment rettuned a 
bifurcation. . 

A variety of form is exhibited in the division termed Dendrograptua, 
in which we may conceive of the numeroas stipes near the base becoming 



* PalMoiitolog7 of New Totk, ral. i, pftfa 371, pi. 14, fig. 1. 




Obaptouthdb FLBZiLia: 
with a portion enlarged. 



conjomed into one strong Btem, viiii the bifurcating branchlets spreading 
above, and this stem probably fixed in the soil. We then hare a represen- 
tation of the typical forms of this genus, as in the accompanying figure, 
and as illustrated on plate xvii, Ggs. 8 aj^d 9, of this memoir. 




Dgudboobaptus Halliakus. 
Jn this species, as shown in the enlargements of the branchlets, we bare 
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a form of cellule sinular to that m observed fragments of Ae ordinaty 
species of graptolites. The cellules are very minute, and, from the 
frequent ramificatione, this vrould probably always be recognized as a 
branching species. 

Some of the forms of Dmdrograptut hare slender spreading braiichea, 
and less rig^d stems than tbe tyfncal species, but still retun the angular 
cellules, as in figs. 1 and 2 of plate xvii. From these we pass almost 
imperceptibly to the slender sjHvading fbnns vhich I bare termed CallO' 
graptug, plate six, in which there is, apparently, some slight modification 
in the form of the cellule ; and on the other hand, there is an almost insen- 
dble gradation to the Dictyonema, plate xz, in which the branches arc 
connected bj lateral bars, and the whole deyeloped in a flabelliform or 
funnel-shaped frond, with angular cellules <ni the inner margins of tlie 
branches. (Fig. 10, plate A.) 

Tig. 10, 




There are certtun forms of graptoUtes, whicb, though possessing linear 
straight or slightly curving stipes and angular cellules, like the typical 
species, have yet a difierent aspect, and do not so naturally fall into the 
series. Among these we find Oraptolithut divergent (fig. 11), where the 
bilateral relation of the parts is still shown, but the celloliferous stipes or 
branches are arranged on the two fades of a slender stipe or rachis, and 
diverge on each side from what appears to be the centire or initial point. 

Difierent specimens show some slight vaiiatious of these characters, but 
not any essential differences. 



aHAPTOLITBB. IS 

Pig. 11. 

GRAPTOLITHna b*lTEItaElIB. 

Ano&er form, which ve know onl; in small individuals, is illustrated in 
the Mowing figures, which remind one of some forms of tbe recent genus 
Criaia. 

Fig. 13. Fig. 13. Fig. 14. Fig. IG. 




are enluged to twice tbeit uatural liie.) 



In another form with similar angular cellules, we hare the following illus- 
trataons of the mode of occurrence of die species. 




Okaptolitbits oracius. 
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GkAPTOUTHDS OKICIUS.* 

We bav« still another group, presenting some differences, more particu- 
larly in the derelopment and form of cellules, than in their general form ; 
and seeming in some species to unite the characters of those hating a 
angle range, with those having a doable range of cellules. The simpler 
forms of this type are Bimilar to the two-stiped forms of the first series ; 
but in all those, whether of two, four, or more stipes, the cellules are 
developed on the upper side, or that side oppomte to the initial pomt. In 
species hke <7. textang, 6. divaricatutf and others of this type, the 
cellules are on the lower, or same side with the ra^cle. 

Fig. 18. 




ORAFTOLITHCa D 

and eDlargement of eellalei. 

In the accompanying figure of &. dtvarieatusy the frond consists of two 
ample uniserrate stipes ; and the same is true of (?. textam, except that 



*TIieGg. 18 WM tbe(n«ticaU7ConBtrneted, but hoBBlace been TeTidedbftbsdiBCOTMf 
of a specimen baring th« tame form and amngemeDt of parti. 
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it is united |it the base for the length of a single cellule. In Q-. furcata% 
the stipes are conjoined for a distance of two or three cellules above 
the base. 

In Q-. ramostiSj as shown in the following figure, the lower part of the 
stipe, for a considerable distance, has a range of cellules on each side, 
parallel with the axis ; and becoming bifurcate above, it presents two stipes 
or branches, each with a single range of cellules. All the species of 
this group have a peculiarity in the form of the cellules, which will be 
noticed hereafter. 

Fig. 20. 




Graptouthus bahosus. 

These species, in their mode of growth alone, present forms which 
might be regarded as intermediate between the monoprionidian and 
diprionidian groups ; though the typical forms, O-. pristia and allied 
species, never show any tendency to a division of the parts of the stipe ; 
and we shall observe, as we progress, that these forms are connected with 
other di£ferences of structure. 

Fig. 21. 




GBAPTOLrrmrs fbistis. 



The species of this type (^Diprian or Diploffrapttui) are simple linear or 
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eab^inear stipes, bearing • tange of oelliUei on «Boh nde, qflgn ^wing 
•D initial point or iadiol« at the base, and an dxteosion of jpeeWder ads 
above and beyond the celluliferoos portion. /^ 

From these fwms witii a doi^le series of eellnlea, w&'^paas to tiie bcoad 
jcdiiftnn stipes, which are apparently eon^KMed of four aemi-elliptieal 
parts otmjiHned along their straight aides, and thns present four ranges of 
cellules. These forms (^Pf^/Il»graptM») are, in some species, broad and 
ibort, irhile others are elon^Ue, iHth sab-panllel sides, at shown in tiie 
accompanying figures. 

[See also plates xv and xTi.j 

Fig. 23. Fig. 23. 




PHTLLOOBAFTHS AUOHBTU'OLnTB. 



Phylloobaptub TTPua : 



(Sen illnBtrationi nndsr genBcte dsBccip- b gronp of separated gtipeg bb tbey lie npOQ 
tion, aod pUMB xt and xri.) the Borfue of the shale. 



From the occurrence of a large number of tihese leaf-like stipes, some- 
times crowded together in a small space, I have inferred that they may 
have grown as Betiograptut. (Flat« xiv, fig. 9.) 

Following the forms with a double series of cellules, are those of similar 
general form, the SetioUtet, which are known only as simple stipes. 
(Plate xiv, figa. 1-5.) 

In the Betiograptws we have simple elongate stipes ; and in one form 
(plate xiv, fig. 9) we have the stipes united by slender basal extensions 
in a spreading &ond, in a manner not unlike some of the graptolites 
proper, with the parts in bilateral arrangement. 

ia the genus MattriUa of Barrande we find a departure &om all of 
tlid preceding forms in tiw aLender stipes with delicate sluider tubular 
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qeUtdes.* |{he species of ihk genu^, sa fiur as faotorvm, &ave the eellutes 
developed on one side only of the sdpes or branches ; though there seems 
BO reason wh;^ we should n^ have specie^ irith oelhiles; upon the two 
ddes of the axis. 

The species for which I have proposed the name Thamnograpfyu eortf 
dst of slender cylindrical stipes and branches^ some of them very similar 
in general aspect to Mastrites^ but the alternating branches are long and 
slender, and we have found no appearance of cellulea on any part of the 
specimens known. 

In the accompanying illustration ti^ braachkfe are ^ven off alternately 
on the opposite sides of a stipe or racfais, and the slender solid axis can 
be traced from the main stipe into and along the centre of the branchlets. 
The analogy between these forms and the celluliferous graptolites of the 
preceding illustrations does net appear to^ be very intimate, but they 
occur in the same beds, and the fossil has the same texture and substance. 

Fig. 24^ 




T&AMKOORAFTUS TYFT7S. 

In the genus PtUog^aptuB (plate xxi) we have a somewhat analogous 
mode of growth, but there is always an aspect or expression of the fossil 
which distinguishes it from Thamnograptus. In one species of Ptilch 
graptus moreover, cell-apertures have been detected on one side of the 
branches or pinnule. 

In the BvthograptuB we have a form bearing some analo^es with the 



* See illoBtration o(RaiMte$ Barrandi under section iii| p. 26, of this introduction. 
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preceding, bat tiie radus is flexible, and is not known to be branched, 
irhile die slender alternating pinnulie are flat and simple, as they have 
been observed in nnmeroos individoi^. The specimen represented is even 
less curved than the nsual condition of this species In the sla^ Trenton 
Umestone of Wisconsin. 

Fig. 30. 




Bdthogbaftds I.1ZDS: 
enlarged.' * 

Still more obscure, and perhaps remote in its audo^es irith graptolites, 
is the genns Inocaults, conaisling of flattened scabrous stems, associated 
with Dictyorwma in the shale of the Niagara formation, which, from their 
carbonaceous substance and apparent graptolitic texture, I have referred 
to the Graptolitidee. 
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§ II. — THE CENTRAL OR BASAL PORTIONS OF THE GRAPTOLITB. 

1. The radicle, or initial point. 

2. The funicle, or non-celluliferous connecting portions of tiie stipe. 

3. The central disc. 

1. TheRadicUj or Initial Point. — ^In the most simple forms, or those 
with two stipes, as shown in all the figures on plate i, there is a slender 
initial process, which I have termed the radicle. This presents a greater 
or less development in the diflFerent species ; in some being reduced to a 
mere pustule, or scarcely perceptible point, while in others it attains 
a quarter of an inch or more in length. Although in none of the species 
with a single range of cellules does this part show absolute evidence of 
having been attached to any other substance at the maturity of the fronds, 
yet it is possible that in the earlier period of its growth, the body may 
have been temporarily attached at this point to the sea-bottom or to some 
object ; though all the evidence is opposed to this view. 

In some of the bi-celluliferous forms, and probably in all of them, there 
is a somewhat similar extension below the base of the ceUuliferous portion 
of the stipe, though it is usually more slender ; but whether this is always 
the true initial point of the whole body, or whether it is only the broken 
point of attachment to a frond, may sometimes admit of doubt. It is con- 
spicuous in Phyllograptus typuB; and we observe this feature also in 
RetiograptuB ; but in one species of this we learn that it is only a broken 
process of attachment of the individual stipe, which existed as one of the 
members of the entire frond, the true initial point of which would be in the 
centre of the whole. (PI. xiv, fig. 9.) 

In all the forms of Graptolitidse which appear to have been free, the 
initial point or radicle is in fact the commencement of the %olid axis^ 
which will be noticed farther on. In those graptolites with two simple 
stipes, the littie radicle-like process enlarges above, and the stipes, 
diverging in opposite directions, are closely united at their bases, and the 
cellules be^ almost in the axil between the two. (Plate i, figs. 1, 3, 7, 
9, and 10.) 

2. The Funicle. — ^In the graptolites with four stipes, the condition 
appears like that of two individuals of the two-stiped forms, conjoined by 
a straight connecting process of greater or less eictent, with the radicle 
point in tiie centre, though often obscurely marked. This connecting 
process is always destitute of cellules ; and this, with its divisions, I have 
termed the funicle. 

In those forms with eight stipes the funicle is twice divided at its two 
extremities ; and where there is a greater number of simple stipes, it is 
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correspondingly subdivided. Neither the central portion, nor any of its 
Bubdiyisions, becomes celluEferom ; and these parts am not termed stipes 
or branches, according to the views I have entertamed. It is only beyond 
the last subdivisions of this part of the body, naitt €f. Logixid^ that the 
eelluliferous parts, Of the true stipes, oommence- 

In one of the proper branching forms, however^ the cdlules begin 
immediately beyond the first subdivisions of the funicle, as in the four- 
stiped species. (Mg. 27.) 

Fig. a7. 




These barren, or mnmfelkliferoas portiema of ilie graptolitic body, are 
not otherwise essentially different ftom other parts of the stip&. In the 
absence of cellules they are consequently moro eylindncal, aaKl apparently 
mo^Q solid, as if the trat were thicker, and the oonuoon canal less developed 
than in the other parts of its extent. 

3. The Cmtral Disc. — ^In several of the species^ hffving four simple 
stipes, m one species* wii& ei^t, and in another mA a larger number of 
simple stipe? proceeding from a common centre, we find their bases 
united by a thickened: corneous expansion of the same substance m the 
body of the graptolite. This appears to be Ciwnposed' of two^ kmin», 
which, at least in the central portions, are not coi^ined, and the space is 
probably occupied by some softer portion of the animal body. (Plates v-ix.) 

The substance of the dise sometimes: extendi ateng the margins: of the 
atipes,^ producing an alation, as in G. edatus^ (PL vi, fig* 9.) 

Tins arrangement: of the parts of the body seems^^vioosly adapted to 
l^e strength and support to the bases of the stipes ; bist beyond this it 
probably serves otiief purposes oi the animal eeasnomj. In several 
specimens of G. bicomis there is a disc or bulb at the base of tiie g^pe, 
wMch, spreading between^ the two oblique curvu^ pfocesses,. envelopes, in 
the conq^^ess^ condition o£ tiie specimens, some of the celluliferoua part 
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of the stipe at its base. In other specimens we have a crescent-shaped 
extension, as if the disc were in process of development, or perhaps of 
absorption. Much the larger proportion of the specimens of this species, 
however, are destitute of disc or bulb, and have every appearance of 
being complete without this appendage.' 

These aspects of the species are shown on plate A, figs. 13, 15, 16, 
and 17. 
< How far the bulb-like appearance at the base of some of the species of 
DendrograptiLB may correspond to the disc of Gf. biconm^ I have not at 
this time the means of satisfactory determination. 



§ III. — THE NATURE AND PARTS OP THE STIPE PROPER. 

ft 

1. The solid axis. 

2. The common canal. 

8. The calycles or cellules. 

4. Nature and ornaments of the test. 

1. The Solid Axis, — ^All the graptolites proper have been found to be 
provided with a slender solid axis,* while this feature has not been satis- 
factorily proved in regard to Dictyonema^ and to some other forms. 

In those species having a single series of cellules, this axis is upon the 
back of the stipe, or on the side opposite to the celluliferous margin ; and 
in the branching forms it follows all the ramifications. In all the speci- 
mens where it has been observed, it is a slender cylindrical or flattened 
fiiliform solid body. In some extremely compressed specimens, this axis 
appears as a slender elevated ridge along the back of the stipe ; and 
where the substance of the body has been removed, it leaves a narrow 
groove along the margin of the impression. 

In the examination of large numbers of specimens of the monoprionidian 
species, we have never found the axis prolonged beyond, or denuded of, 
the cellules ; as shown in Q-. colonua^ by Barrande, in his Graptolites of 
Bohemia. (Plate ii, fig. 5, of that memoir.) 

In all the specimens where the extremities of the stipes are entire, as 
represented in plates i, ii, and iii of this memoir, there is never any 
extension of the axis beyond the last partially developed cellule ; and 
the number of specimens in this condition is considerable. 

In the graptolites with two series of cellules, the solid axis is very 



* In those species with a single series of cellules, M. Barrande has ascertained that 
this axis is solid and cylindrical, its diameter not exceeding i millimetre^ and its etruc- 
tare apparently fibrous. {Graptolites de B6hhme^ page 4.) 

B 
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fireiquentlj seen extending beyond the cellnliferous portion of the stipe at 
its outer extremity ; while the radicle i^pears like the continuation of the 
same below the base. The axis thus appears to be the foundation on which 
the other parts are erected. In those specimens, however, which present 
so great an extension of the solid axis beyond, the stipe, the cellules may 
have been removed by subsequent causes. 

I am able to corroborate to some extent the observations of M. Barrande- 
in regard to the apparent double character of this axis. In some ex- 
tremely compressed specimens it is marked by a longitudinal groove or 
line of division ;* while in others, a double impression has been left by 
the removal of the substance. 

In some specimens, particularly the younger ones, the solid axis has 
been seen extending beyond the base of the stipe, as a duplicate process, 
exhibiting a character as of a double radicle. In some solid specimens of 
one species, where the tube had been filled with calcareous mud, I am 
able to detect oidy a single round point ; and a longitudinal section of the 
same species presents a slender filiform axis. It may be, however, that 
the parts are so minute and so closely united, as to render them undis- 
tinguishable. 

In another species,^ with two rows of cellules, and in which the latter 
are of very difierent form from the preceding, the solid axis is a thin flat 
apparentiy double plate, extending across the entire transverse diameter 
of the tube, which is more than two-thirds as great as its longer diameter. 
The place of the axis is marked by a longitudinal groove on each side, 
not in a direct line, but slightiy undulating to correspond with the cellules. 
M. Barrande conceives that the joining of the two plates of this axis may 
leave a very flat intermediate tube; and in our specimen, there is apfa- 
rentiy an extremely narrow space between the two. He farther supposes 
ti^at each of these plates^ composing the double axis, is separable, by 
decomposition, into two laminae, as illustrated in plate iii, fig. 3, of the 
work already cited. 

The entire appearance of the species (plate A, fig. 10) is that of 
two monoprionidian. stipes joined together at the back, the line of junction 
being indicated by the groove. 

In one species of Retiolites there is a strong excentric or sub-exterior 
axis, which is nearly direct ; and in the same indindual there is another 
undulating axis, to which tiie cell-divisions of one side are attached. In 
the JRetiolites of the Quebec group, one side of^the stipe shows a very 
distinct axis, while upon the other side it is very obscure* 

In Retiograptus^ we have a very distinct central axis projecting below 



^•^^^•^^•^^^ 



♦ The aspect presented by the axis, when marked by a longitudinal prroove, is pre- 
cisely that which a hollow cylindrical body would have if extremely compressed. 
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the celluliferous portion of the stipe, and, in ono species, uniting in a 
funicle, and forming part of a compound form. In another species, the 
sitnple ^pes prieisent similar features, showing at one extremity the 
duplicate character of the axis. 

In PhyllograptUB^ the central axis is ajpparently composed of four 
slender flat laminae ; but we have had no means of examining this part 
of the body in a satisfactory manner. 

2. The Oommon Canal. — In all graptolites with a single series of 
cellules, there is, between the bases of these cellules proper and the solid 
axis on the back of the stipe, a continuous sub-cylindrical space or canal, 
which has been occupied by the body of the polyp, from which the buds, 
with their calycles forming the cellules, take their origin, and are thrown off 
at regular intervals. 

An the specimens which I have examined confirm this view ; and in 
some of the species where the extremities are apparently entire, we observe 
the incipient development of the young cell from the common body. In 
those sipecimens filled or partially filled with the substance of the surround- 
ing rock, this canal is easily distinguished ; while in compressed specimens 
there is always a flattened space between the bases of the cell-partitions 
and the solid axis. 

Il those graptolites with two ranges of cellules, we have apparently a 
duplication of those with the single series, the two solid axes being joined 
together, leaving a common canal or body on each side at the base of 
each series of cellules. If however the common body were thus divided, 
it would be by the solid axis becoming a flattened plate. This appears to 
be true of some species (as for example, plate A, fig. 10), while in others 
there is only a simple filiform axis visible. In this case, of course, there 
is not an entire division in the common canal after the manner of the 
other species. This will appear farther on, under the illustrations of the 
structure of these bodies. 

In RetioliteSj the common body occupies the central portion of the stipe, 
^ving origin to a series of buds on each side, while it is not divided by a 
central axis. 

In some species the common body seems likewise to have more extensive 
functions ; for in such forms as 6?. diver gens and (?. gracilis^ there is a 
long slender rachis, or tubular body, destitute of cellules except at its two 
extremities, and apparently consisting of a solid axis and a common canal, 
from which originate, at regular intervals, simple small stipes with solid 
axis, common cand, and cellules. 

This appears to be one step farther in our knowledge of the origin or 
mode of development ; but it shows that a stipe or main axis may produce 
in one part celluliferous stipes, and in its extremities develop only cellules, 
as we see in the continuation of the main axis of Q-. gracilU and 
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Q-. divergenSy where the continuation of tUs common rachis is marked by 
mar^nal cellules of the same character as those of the lateral stipes. 

The common body therefore appears to perform the double function of 
developing the buds which elongate into stipes with cellules, and also of 
simple cellules ; or we may consider the celluliferous extremity of the 
raclus, or main axis, as the termination of the reproductive process, or 
as analogous to one of the lateral celluliferous stipes.- In the Sertula- 
rians we have something analogous to this mode of development. Some 
of the species have cellules along the common or main trunk, and produce 
at intervals branches or branchlets in place of cellules ; others have a 
common body, or main stem, entirely destitute of cellules, but producing 
branches on each side (opposite or alternate, as the case may be), which 
branches produce cellules only. 

So long as this rachis gives off only celluliferous stipes, it is analogous 
to those parts of the simple graptolites which I have termed the funicle, 
havmg within itself the sources of this development of the several parts. 
The mode of development differs from that of the branching forms, inas- 
much as the branches proper arise from a division of a cell-bearing stipe 
or branch, and of course a division of the solid axis and common body. 

In Metiograptus, some specimens show the cell-divisions reaching nearly 
to the axis, leaving room on each side for a narrow common body or canal ; 
while in a species from the Utica slate, which presents one side of an 
entire frond, the cell-divisions of the exterior side all reach to the axis, 
leaving the common body on the inner or upper side. In a species from 
Norman's Kill, near Albany, there are three parallel ranges of reticu- 
lations, with apparently two filiform solid axes, forming the divisions 
between the three meshes. This structure probably occupies one side of 
the stipe, while the common body may occupy the other side. 

In PhyllograptuSy the cell-partitions reach very far towards the centre, 
and the space left for the common canal is very small. We infer from 
the better-preserved specimens that there is a slender common canal at the 
base of each range of cellules. These several canals may or may not 
communicate with each other. 

8. 2%e CalycleB or Cellules : their form and mode of development, — 
Since a large propwtion of the specimens of graptolites which come under 
our observation for the purposes of study or otherwise, are fragmentary, 
it becomes of much importance to know the general characters of form and 
mode of development of the cellules. 

In the preceding section it has been shown that the cellules, or the 
inhabitants of these cellules, are not independent, but all have their origin 
in a common body, which fills the longitudinal canal., and that they remain 
in constant connection with the same throughout their existence. 

The calycle or cellule is formed by budding from one side of the com- 
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mon body, not unlike many of the Sertularians, except that the cellules 
are generally close together at their origin.* They are usually more or 
less oblique to the direction of the axis, as is clearly indicated by the cell- 
partitions ; and the degree of obliquity often indicates specific distinction. 
The cellules are for the most part contiguous at their origin, and they 
sometimes remain in contact throughout their entire length ; but in the 
greater number of species there is a small portion of each one free on one 
side towards the aperture. This character is shown in numerous examples. 
(Plates i, ii, and iii.) 

In some forms the cellules are contiguous in their lower portions, while 
the entire upper or outer part becomes free, as seen in Q-. Olintonensis 
(plate B, figs. 1, 2, and 3) ; wlnle in one of the bi-celluflferous species 
from Iowa, the cellules are distant from each other at their origin, and the 
upper extremity' of one scarcely reaches to the base of the next in advance 
(plate A, fig. 10) ; and they are therefore not properly in contact'in any 
part of their length. The same is more emphatically true of HastriteSj 
(fig. 27), where there is a large interval between the bases of the cellules, 
which are often nearly rectangular to the axis. 

Although we regard the cellule as limited by the cell-partitions, yet in 
well-preserved specimens there is sometimes a swelling of the test of the 
common body below the cellule, indicating an enlargement of the parts at 
the bases of the buds. In one species there is an evident undulation of the 
axis, corresponding to this enlargement of the parts in the common body. 
(Figs. 10 and 11, plate A.) 



* The mode of budding and the form and arrangement of the cellules in the Sertula- 
rians are shown in the accompanjing figures of two species of Serlularia (figs. 1 and 2) 
from oui own coast. Fig. 3, with a range of cellules on one side onlj, is & Plumularia, 



Fig. 1. 



Fig. 3. 



Fig. 2. 
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Rastrites Barraxdi: 
natand sis^i with i^ portdon enUrged. Tba oellules consist of long slender tubes. 

In the diprienldian species, the cellules on the two sides of the stipe 
Are alternating, so that the bases or the apertures are opposite the space 
between two others. This is more especially shown in the enlarged figures 
10 and 12, plate A. 

In much the larger proportion of species, the body of the graptolite and 
the cellules are so extremely compressed, that they appear only as serra- 
tures along the margin, with distmct impressed lines marking the cell- 
divisions. The exterior margin of these serratures indicates in an approx- 
imate degree the outline of the aperture ; and the frequently occurring 
muoronate extension at the extremily of the cellule is produced by the 
continuation of the cell-partition, or sometimes by an outgrowth from the 
margin of the stipe above or below the aperture. 

Were the cellules isolated, their prevailing form would be that of an 
elliptical tube or sac, the length of which is greater than either of the two 
diameters. When they are in juxtaposition, however, the contiguous sides 
are flattened, while the lateral or external surfaces are usually more or less 
curved, particularly near the aperture. In a larger proportion of the 
species, the calycle becomes slightly expanded towards the aperture ; but in 
a few examples there is a distinct contraction above the middle, and the 
aperture is smaller than the base. Generally, however, the smaller 
diameter is just at the junction with the common body, or at the junction 
of the cell-walls with the waljs of the common canal. 

In a single diprionidian species, where the specimens are not distorted by 
pressure, a longitudinal section of the stipe in the direction of its greatest 
diameter (plate A, fig. 12), shows the cellules scarcely narrowed at their 
origin wi^fi the common body ; while in a lateral view of the specimen, 
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the base of tbe cellule is «een to be much wider &an the orifice. (Plate 
A, fig. 10.) 

In many of the Bpecies a transvetise section of the celhile tiear the base is 
qtiadrangiilar, becoming more rounded towards the lq)erture ; and when the 
upper part of the cellule is free, the aperture is round or elliptical, and hi 
some specimens the calycle is elliptical or cylindrical tibiroughout its 
^liire lengiii. We have examples of the quadrangular cellules in G. 
extenstis (plate ii, fig. 16) and G. oetobracMatuB (plate vii, figs. 6 and 
• 7) ; as well as in two species of PhylUgraptus (plates xv tod xvi). 
Where the cellules are more nearly isolated, they approach more and 
more to tiie cylindrical form. As examples of cellules contracted towards 
iiie aperture, we have Oraptolithus priodan, Barrande, and Q-, OUnion- 
mdB, Hall. (Plate B^ figs. 1, 2, and 8.) 

M. Barrande has remarked that from the circumstance of the partial 
or complete isolation of the successive alveoles of the same series. We may 
easily conceive that the walls of contact in contiguous cellules should be 
double. This fkct he has ascertained from decomposing specimens of G. 
jfriodon ; and we have the same evidence in some of our species. In the 
pilules of the ordinary mode of development, each one is an independant part 
of the organization, and is provided with its individual body and cell-walls, 
as if each cellule were isolated. Whenever two of these are in contact, 
the cell-walls coalesce as far as the contact continues ; but when becoming 
free, the cellule assumes its normal condition. In some specimens of 
JPhyllograptuB we find this evidence of double walls in the cell-partitions. 

In Q-, putiUitSy illustrated on plate A, figs. 10, 11,, and 12, the cell- 
walls, although contiguous to and adjoining the walls of the body (and 
not free), do not coalesce, but are readily separable without fracturing 
their substance. 

There are cellules however where the production of the calycle by 
budding from the common body is not so obvious. These forms are 
like G. Mcomis and G. antennarius, where the orifice is a simple trans- 
versely-oval aperture in the side of the stipe. In the flattened speci- 
men it appears like a rectangular or slightly oblique, semi-oval notch in 
tiie margin. Its true form is perceived only when the cavities of the polyp 
have been filled with mineral matter, or when the stipes are flattened ver- 
tically against the apertures : they then give the form which has been 
described as G. scalaris. This form of cellules is shown on plate A, figs. 
1 and 2, which are enlarged from a specimen retaining nearly its original 
proportions. Just within the limits of the cellules, and extending the entire 
length of the stipe, there is a longitudinal depressed line ;^ and along this 
line, and running thence almost rectangularly to the outer limits of the 
fitipe just above the aperture, the cell-partitions join the exterior test, and 
project in an extended border or flange. 
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In specimens stripped of the test, where the interior has been filled with 
stony matter, the cell-partitions present the appearance shown in fig. 3, 
plate A ; while there is a large central space apparently occupied by the 
common body, but without the appearance of a central axis on the exterior 
surface. When the surface is ground down to a plane intermediate between 
the exterior and the centre, it presents the aspect of fig. 4 ; and when the 
cutting is carried to the centre, it gives the characters of fig. 6, the cell- 
divisions apparently reaching to the axis. 

The general form of this stipe in section (fig. 6) approaches that of 
HetioliteSy as shown by Barrande and Geinitz ; and in the arrangement of 
the common body and axis there is a departure from the typical diprioni- 
dian forms of GraptolithuB. In this transverse section we have a some- 
what concavo-convex form, which is narrower on the concave side. There 
is a central or sub-central point indicating the filiform solid axis ; and on 
each side of this are the divisional cell-walls, which produce a slight con- 
traction of the exterior walls of the stipe at the inner limit of their attach- 
ment. Another section, fig. 7, shows the same features, together with the 
remains of two other cell-divisions, neither of which reach to the exterior 
walls of the graptolite ; and the one on the right hand shows the narrow 
extremity just before joining the axis. 

These sections, together with numerous other lon^tudinal, transverse 
and oblique sections, compel us to conclude that this graptolite possesses 
a filiform central or sub-central apparently solid axis ; and that the cell- 
partitions originate from, or are joined to this axis. These cell-partitions 
appear to consist of triangular plates, which have an unequally arching or 
convex upper surface, and a concave lower surface. This form of cell- 
partitions would leave the alveoles to communicate at their bases with the 
common body on each side.* 

In some forms having cellules of this character, as in G^. bicomiB proper, 
there is, in the flattened stipes, an external ridge, as if indicating the junc- 
tion of the axis with the external walls. But in examples where this axis 
extends beyond the celluUferous portion of the stipe, it is compressed, 
having the aspect of a flattened cylindrical filiform body. It has no 
appearance of having been flat, or laterally extended within the body of 
the stipe. 

In the ordinary, forms of graptolites the orifice of communication between 
the cellules and the common body is usually round, oval, or quadrangular ; 



* The cell-partitions in this form of graptolites are represented as they appear to exist 
in the solid specimens examined, on plate A, fig. 9 ; where, curving gently downwards 
on their exterior margins from the npper edge of the orifice, they turn more abruptly 
towards the axis, while the central portion extends obliquely to the axis, leaving a 
broad arch above, which gradually becomes angular as it approaches the axis. 
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and this appears to be trae of all the species with a single range of cellules, 
and also of the ordinary forms of those with two ranges of cellules, where 
the common body is divided by a longitudinal axis. 

In HetioliteSy where there is no well-marked division limiting the com- 
mon body, the union of the cellules with it is not so well defined ; nor 
does there appear to be in these -forms a continuous cell-partition: the 
cellules open in a quadrangular aperture, which is a little oblique to the 
transverse diameter. 

In those graptolites with the simple transversely-oval orifices in the test, 
as O-. bicomisj the arrangement of the common body and the communica- 
tion of the cellules difiFer from all the other forms. There is an apparent 
double communication with the common body, giving not only the usual 
bilateral arrangement of the parts generally, but a bilateral arrangement 
of the parts in the individual alveoles. 

The external orifice of the cellule in graptolites is extremely variable in 
form, and in its relative direction to the body of the cellule, and to that of the 
general axis. In a large proportion of the species, the aperture is oblique 
to the axis of the cellule, a little expanded, and thickened at the margin. 
The lower or posterior edge is often prolonged into a mucronate point or 
expansion. This feature, combined with the various degrees of curvature 
at or near the aperture, produces a great diversity of external expression 
in the orifice. 

In Q: nitiduSy plate i, and in Gf-. similis and (7. extensTis^ plate ii, the 
plane of the orifice is nearly rectangular to the axis of the cellule ; while 
in Gf-. bifidus, Gf-. pennatuluSy and others, the mar^ is produced into a 
strong mucronate extension. In Gf-. octobrachiatus the line of the cell- 
margin makes an angle of more than 90^ with the axis of the cellule. 

In mature individuals of G^. CUntonemis the upper part of the cellule is 
re-curved, and the orifice opens downward nearly at right angles to the 
general axis, having a slight spreading and thickening of the border. In 
less mature individuals the orifice is apparently angular, and opens upward, 
while the plane of the aperture makes less than a right angle with the 
direction of the general axis. It would appear that in the progress of 
growth the cell-walls are continued, gradually contracting above, and, after 
becoming &ee from the adjacent cellule, form a slender, gradually curv- 
ing tube, which in mature individuals has its orifice directed backward. 

In DendroffraptuSj the form of the orifice and outline of the aperture 
present variations similar to those of the simple uniserrate graptolites ; 
but some species show modifications in the form of the cellule which do not 
accord with the more simple forms. In Dictyonema^ the cellules are not 
folly known ; the orifices are marked by a prominent mucronate extension, 
and apparentiy simulate the more common forms of graptolites. (Fig. 5, 
plate B.) 
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In the bi-celluliferous species the oompressed specimens present the 
plane of the orifice, sometimes rectangular to the general axis, sometimes 
with the outer margin a little advanced, making an acute angle with the 
axis of the cellule, while sometimes the plane of the margin of the aperture 
is rectangular to the axis of the cellule, or rarely makes with it an obtuse 
angle. The cellules of RetiograptuSy which have not yet afforded means 
of satisfactory examination, apparently have tiieir orifices nearly rectan- 
gular to the general axis of the stipe. 

In one of tiie forms of the bi-celluliferous graptolites the cellules are 
sub-elliptical tubes, with an orifice of corresponding form, without extension 
beyond a slight thickening or callosity at the margin of the orifice. The 
plane of the cell-aperture in this one makes an obtuse angle with the 
direction of the general axis. 

In forms like (7. hicomis the external orifice is transversely oval, with 
or without a projection and thickening of the test from the cell-partition 
above the orifice, or extension of the test. 

4. Omament% of the TeBt. — The compressed condition in which the 
graptolites usually occur is unfavorable to the preservation of any minute 
surface-markings, or ornaments of the test. 

In many of the species, fine striae, parallel to the margins of the cell- 
apertures, are perceptible, and in the larger number of species this mark- 
ing is all that is preserved. There is sometimes a granular appearance 
of the surface, but I have not been able to satisfy myself that this is the 
actual surface-texture ; it may be a condition induced by mineralization. 
In a few examples there is a row of minute pustules at the base of, and 
corresponding to the cellules. 

The stems and branches of Dendrograptu%^ OaUoffraptus, and IHctyo- 
nema are irregularly striated. In typical species of Betiolites the test 
is finely reticulate ; while in the species from the Quebec group, this 
texture, if existing, is so fine as not t<» be readily resolved by an ordinary 
lens. The surface however has not the ap[{parance of entire smoothness, 
as in most of the ordinary graptolites. 

The chief ornaments of tiiese bodies are the mucronate extensions of 
the test, usually from the lower margins of the cellules, but sometimes 
from the upper margins. In ordinary forms of the q)ecies, with single, 
and witii double ranges of cellules, the mucronate or setiform extensicms 
are usually from the lower extremity of the cell-aperture, as illustrated in 

fig. 29. 

In all those forms of which Gf-. bicomis may be regarded as the type, 
these processes, when existing, are extensions of the test above the apeiv 
tore, so far as observed (pi. A, figs. 1, 8, 9) ; or as in species of the 
character of fig. 20, plate A. 

In some species, as Q-. quadrimucronatUB (plate xiii), there is a 



Fig. 29. 



81 



fit 



Gbaptolithus Whitpieldi: 
twice enlarged, 

mucronate point extending from each angle ^of the cellule ; as also in 
Q-. teHis of Barrande ; except that in the Canadian species these appenr 
dages are more rigid. 

In Phylhgraptys typu% and P. ilieifoUus^ these processes are apparently 
tiie extension of the angles of the cell-partition. 

The cellules of Dendroffraptus, Calloffraptus, and Dictyonema some- 
times show mucronate extensions from their outer margins. In Metiolites 
the cellules sometimes terminate in a plain margin, and in one species the 
divisions are extended in short strong mucronate points. (Plate B, 
figs. 5 and 21, and plate xviii, fig. 6.) 

All the species of Retiograptus have the margins of the stipes gar- 
nished with slender mucronate points, corresponding to the cellules, and 
extending almost rectangularly to the axis. (Plate xiv, figs. 6-9.) 

These ornaments are not always uniformly developed in the same 
Qpedes, or even in the same individual. In the larger proportion of 
specimens of (7. ramo9U9^ the margins of the cellules are apparently 
plain ; but in the cellules of the simple part of the stipe we sometimes 
find a ri^d mucronate point, prolonged from the upper margin or limit of 
the cell-aperture. (Plate A, fig. 20.) In Q-. sextans^ the mucronate 
point is half-way between the two cell-apertures. 

In specimens of G. sextans, and in some allied forms frr)m the Hudson 
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River formation at Marsouin, Canada, the stipes and cellules are less 
fully developed than in those of the same species from Norman's Kill near 
Albany, while the mucronate extensions from the cell-apertures are more 
conspicuous. 

Besides these ornaments, there is on each side of the radicle or initial 
point at the base of most of the diprionidian species of graptolites, a 
small process, varying in length, and usually directed downwards. These 
processes are usually short, but often considerably extended; in some spe- 
cies they are very slender, while in others they are strong and ri^d. 
In Q^. pristia they are frequently seen as short slender processes ; while 
in O-. bicomis they are rigid, strong, and slightly curving. In Q-. antevir 
narius, a congener of the latter, they are long and slender setiform 
appendages. In one species of Retiograptu% they are slender setiform 
processes, directed downwards. 

In no species of PhyllograptibB have such appendages been observed ; 
nor have they been seen at the bases of the stipes of HetioUtes. 



§ IV. — MODE OP REPRODUCTION AND DEVELOPMENT IN THE GRAPTOLITIDiB. 

As already remarked, the graptolites proper are now generally referred 
by authors to the Radiata; while some forms which I include in the 
family have been heretofore regarded as reticulate bryozoans, or as gor- 
gonians. The nearest analogues in the recent fauna appear to be among 
the group Pennatulidae, or in the Sertularidae ; but in all these there is 
no absolute identity in the mode of development or character oif cellules, 
so far as my observation has extended. 

In nearly all the true bryozoan forms among fossils, we have the means 
of tracing the relations and analogies, both in manner of growth and 
reproduction, throughout all the successive geological periods, and in the 
present fauna. It becomes therefore more diflScult to discover sucl| 
analogies for the Graptolitidae, since the graptolites proper disappear 
from existence in the Silurian period ; and the latest form of Graptolitidae 
QDictyonemd) is not found, so far as now known to me, in American 
strata, at a later period than the Hamilton formation or Middle Devonian. 
From this cause, the mode of growth and development are not so readily 
understood as in those families which can be traced throughout the geo- 
logical series, and still find their analogues in the present seas. 

In 1858, 1 laid before the American Association for the Advancement 
of Science a notice, with some illustrations of graptolite stipes, bearing 
what I then regarded, and do still regard, as the reproductive cells or 
ovarian vesicles. These cells first appear as small ovate buds upon the 
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margins, projecting but little beyond the regular cellulee, and, becoming 
enlarged, form elongated sacs with svrollen extremities, which are finally 
dehiscent ; and then, as I suppose, discharging the ovules or germs, are 
gradually absorbed or dissipated. 

Although these sacs are distinctly defined, they have scarcely any 
apparent substance, except along the lateral margins, which are limited 
by a filiform extension resembling the solid axis of a graptolite. There 
are likewise numerous fibres of this kind traversing the sacs ; and these 
sometimes remain attached to the original stipe after the other parts are 
separated. In one example, we have conclusive evidence that they are 
connected with the solid axis of the parent stipe. The gradations of 
development in these sacs may be studied in the figures 6-9, plate B. 

In the specimen fig.lO of the same plate the ordinary cellules are removed, 
and the fibres are still seen joined to the axis, showing the origin of the 
reproductive sacs. In most specimens bearing these sacs, the cellules of 
the stipe are so obscure that the species cannot be determined ; but in 
fig. 9 we find them attached to a well-marked stipe of Q-, WTiitJieldi. 

This mode of. reproduction in the graptolites shows much analogy with 
the Hydroidea, and would indicate the sertularians as their nearest 
analogues.* 

Upon the surfaces of the slate where these bodies occur, there are 
numerous graptoUtic germs, or young graptolites of extremiely minute 
proportions, ranging from those where the first indications of their form 
can be discovered, through successive stages of development till they 
have assumed the determinate characters of the species. 

In several examples, these minute germs have been detected near to 
and in contact with the reproductive sac ; and in one case, there is but a 
hairVbreadth between one of the^bres of the sac and one of the obhque 
processes at the base of the germ. It cannot be said that we have 
detected the germ actually within the sac ; but the numerous young 
individuals lying near them, and upon the surfaces of the same laminae, 
oflFer very good arguments for supposing that they have been thus derived. 

The earliest defined form which we observe in the young graptolites 



*In the recent Serttdaria and Campanularia we find oyarian yesicles, in which a 
number of oTnles may be enclosed in a common enyelope. These yesicles are deyeloped 
along the side of a stipe or branch, and the oyules are often arranged along a central 
axis, e^ch one communicating with the common axis of the zoophyte. [Jas. J. Lister, 
Philowphical TraiuqctionSj 1834, pp. 365-388, pi. ix. Cited also by Dana, " Structure 
and Ctatsification of ZoophyfetJ''} 

Prof. McCoy has stated {BritUh Palaozoic FotsiUj p. 4) that he has found near the 
base of the cellules of graptolites, a transverse partition or diaphragm, similar to what 
may be observed in some sertularians, and which he regards as proving similar rela- 
tions ; but I have not discovered in any American specimens evidence of such cell- 
diaphragmt. 
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coBsistd of the initial point or radicle; a diverging process of similar 
character on each side, but not quite opposite; a longitudinal axis of 
greater or less extent ; and a sac-like covering, or thin pellicle of grapto- 
litic test, which has scarcely assumed the form of cellules, but which id' 
most extended in the direction of the common body along the solid axis. 
This little sac contains the germ of the zoophyte, which, extending itself 
as the common bo(fy in its canal along the axis, ^ves origin to the budding 
which develops the successive cellules and the gradual building up of the 
stipe. 

The earliest condition of development is illustrated in fig. 12 of plate B.^ 
At a &rther stage of development we have the form better defined, as 
in fig. 13, where the germ has assumed the general aspect of Gf-. pristiSj 
the slender lateral processes being rectangular to the axis. 

On the left hand of fig. 8, and at the third reproductive sac below the 
top, there are two germs visible, close to the sac, where the connectiwi 
between one of these and the fibre is nearly complete. The same is shown 
in the enlarged fig. 11. 

In figure 14 we have the germ of another form, which is unequally 
developed on the two sides. Figure 15 (represented of the natural 
size) appears to be of the same species, having reached a more definite 
form. Figure 16 is an oval disc, of which several more or less defined 
specimens have been found among the young graptolites, but I have not' 
been able to trace it to any known mature form. 

The specimens figs. 17 and 18 appear to be the yeung of 0-. bieoTniSj 
or of a similar form. In one the body is narrow, without marks of cellules, 
and the solid axis is not extended above the common body, being prob- 
ably broken oflf. In the other there is a greater expansion of the 
common body, but no cellules are visible, and the central portion of the 
substance is more dense, while towards the margin it is extremely thin; 
the solid axis is extended beyond the stipe, and the lateral oblique pro- 
cesses are quite perfect. This germ, with its axis and common body, had 
not begun to develop the cell-apertures on its margins, which may be 
seen at a later periods 

In nearly all the young graptoUtes there is an extension of the common 
body along the axis above the incipient cellules. This is observed in ihe 
figures referred to and m the young of Q-. ramo9U8^ shown six times 
enlarged on plate A, fig. 21. 

Although I have found none of the monoprionidian forms with repro- 
ductive sacs attached, I have nevertheless observed, what appear to be the 
young of some of these species, having an aspect similar to the others. 



* AU the specimens of germs or youog graptolites are six times enlarged, except 
figs. 11 and 17. 
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except in carrjing the development upon one side only of the sofid axis. 
An illustration of one of these fonos is given in fig. 19, plate B, showing 
the base irregularly divided. These forms cannot be referred to any 
known mature species. 

This mode of development, illustrated in numerous specimens, can be 
readily understood in the simple stipes whether of the monoprionidian or 
dipnonidian character. Admitting that the examples given furnish 
evidence of the mode of reproduction of the diprionidian forms, or those 
of the sub-genus Diplagraptus, where we have a range of cellules on each 
ride of a solid axis, it is e&ay to perceive how the germ of an analogous 
figinn may develop from its initial point two series of cellules upon a stipe, 
where the parts diverge in opposite directions from the common origin or 
initial point.. One step tsiapihev in this direction will give us the four-stiped 
forms, where the germ of the common body, with itff addrfcional elements 
of subdivision, producer ihe quadripartite frond ; and so onwards, until 
we have the numerously-brancbed fronds and the branching stipes. 

In all these, the germ in its incipient development will differ very little. 
It may consist, of the radicle or initial point, with the solid axis, and the 
common body, separated into two, four, eight, or an indefinite number of 
divisions, each one bearing its solid axis and common canal. These sub- 
divisions sometimes all take place near the origin, which is always central ; 
and the divisions continue simple throughout, or do not bifurcate after 
ihey commence to develop cellules. 

In others the stipes are again divided, and this subdivision is only 
Umited by the extent of the frond. In all these fronds the parts are always 
arranged symmetrically or bilaterally on the two sides of the initial point ; 
as has been illustrated in the preceding pages. 

Throughout all the monoprionidian forms, or those illustrated on the 
first twelve plates of this memoir, we have only modifications of the 
simplest form of development shown in the species of plates i and ii. Where 
the divisions at the base become more numerous, (and indeed in the four- 
stiped species,) we find a thick corneous test, of the same substance as the 
other parts of the graptolite, uniting the bases of the stipes and continuing 
along their margins. This plate has a greater or less development, not 
always corresponding to the size or extent of the stipes. It is sometimes 
absent, apparently from accident, and some of the four-stiped species are 
not known to possess it; while it has never been observed in any of the 
species where the stipes are properly branched, or divided in the celluli- 
ferous parts of their length. 

The interior of this corneous disc, previously described as apparentiy 
composed of two plates of the test, has probably been occupied by some 
softer substance, which may have been an extension of the common body, or 
have had in some degree the character of the common body of the stipe.- 
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The deyelopment of the diprionidian forms, as deduced firom the young 
graptolites which we find associated with the reproductive cell-bearing 
stipes, would show that these forms of graptolites exist as single and 
simple independent stipes from the commencement of their growth. 
Nevertheless I conceive that both MetioKtes and Retiograptxis may have 
existed in compound fronds, having their origin from a central point not 
unlike in the commencement to Oraptolithua Loffanij but without •the 
central disc. These fronds were probably concavo-convex, as were the 
individual stipes. The sdid axis, instead of being central, is placed exter- 
nally along the centre of the convex or outer side ; and the cell-divisions 
on that side reach to and join it ; while on the upper or concave side thQ 
cell-divisions do not reach the centre, leaving a space for the common 
body, which has been shown by Barrande and Geinitz to produce a central 
longitudinal prominence. 

In these forms the mode of development has been similar to that already 
explained, the modification being chiefly in the external position of the 
axis and the joining of cell-divisions with the axis on one side ; leaving 
the common body in a somewhat triangular form, from which the alveoles 
are developed on either side. 



Fig. 30, 



Fig 31. 
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Gbaptolithus pbistis : 
enlarged. 



Graptolithus "Whitfieldi: 
enlarged. 
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Whether the Phyllograptus existed as simple stipes with four ranges of 
cellules, or in a compound arrangement as in MetiograptuSy the mode of 
development has been similar: either the germ with its initial point 
developed a single stipe with four ranges of cellules, or the same elements 
first subdivided, and each division gave origin to its stipe through the 
common body. 

In regard to the development of the cellules in the diflFerent parts of 
the graptolite, we observe, as a uniform feature, their lesser development 
towards the base of the stipe. In all the monoprionidian forms this char- 
acter is particularly observable ; and in a few species the earlier cellules 
are raised in a scarcely perceptible elevation above the general surface of 
the common envelope. Indeed in a few instances it is impossible to ascer- 
tain satisfaf torily whether these earlier prominences are expanded into 
open cellules. As the stipe is extended, they become gradually more and 
more prominent, until towards the middle, or oftener perhaps nearer the 
distal extremity, their greatest degree of development is reached. In some 
species this takes place near the base, and in the more elongated stipes 
there is no sensible increase throughout a great part of their length, and 
the two margins of the stipe are essentially parallel. Towards the distal 
extremity there is a gradual, or often a more abrupt, diminution in the size 
of the cellules, and a few of the last ones are much smaller, until the ter- 
minal cellule is sometimes seen in a partially developed condition between 
the common body and the partition of the preceding cellule. 

The same condition of development in the cellules is true of the diprio- 
nidian forms, as is shown in some degree in 6r. pristiniformis, plate xiii, 
but more especially in the accompanying figures of 6r. pristis and 6r. 
Whitfieldiy the last of which shows the higher cellules diminished, so as to 
contract the width of the stipe above (figs. 30 and 31, p. 36). 

In Retiolitea and lietiograptus, the full development of the cellules 
takes place below the middle of the length of the stipe, while they are 
less developed towards either extremity. In some species of lietioUtes, 
including one from the Clinton formation, the cellules acquire their greatest 
development near the base, and the margins are essentially parallel for the 
greater part of their length. 

In Phyllograptu8y the lesser development of the cellules at the base of 
the stipe is a marked feature. They increase rapidly towards the middle ; 
and their greatest development is sometimes above and sometimes below the 
middle, but in all cases becomes rapidly less towards the apex. 

In BendrograptuSj where we have a stout stem without cellules, the 
iM'anches usually begin at some distance above the base : and in their 
lower part they have scarcely the appearance of being celluliferous ; in 
the middle of their extent the cellules become more distinct, and so far as 
can be observed they are less developed towards the extremities. 

c 
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§ V. — MODE OP EXISTENCE. 

The numerous individuals of entire or nearly entire fronds illustrated 
in this memoir, as well as large numbers of others examined, serve to give 
a pretty clear idea of the general form of the true Graptolites, as well 
as of their congeners of the same family. Notwithstanding the presence 
of the radicle or initial point observable in so many species, it does not 
afiFord evidence of attachment to^ the sea-bottom or to some other sub- 
stance, at least in the mature condition. In all the monoprionidian forms, 
however much or little extended the radicle may be, it is always smooth, 
and tapering to a point. In many of these, and more especially in those 
with a central disc, this radicle is reduced to a minute protuberance, and 
is often scarcely or not at all perceptible. 

The same is essentially true of the greater number of diprionidian 
forms examined. In these the solid axis is sometimes extended beyond 
the base of the stipe, and terminated as if broken ofiF abruptly ; while 
there is often a slender oblique process on each side of the base. 

In Retiograpt'm and Phyllograptu9 there is not the same evidence of 
completeness at the base of the radicle. The lower termination, when it 
can be fully examined, is broken, as if there had been a further continua- 
tion of this part, though it exhibits no enlargement. I have inferred that 
all these, like the example of Retiograptua eucharis (fig. 9, pi. xiv), 
have constituted parts of a similar compound body, and are but the sepa- 
rated stipes of the frond. If this be true, their mode of existence is not 
unlike the other species with compound fronds and a central disc. 

In Gr. bieomia the extension of the solid axis below the base of the stipe 
is not always preserved ; but when it is entire, we find two strong, diverging 
and slightly curving processes or spines from the base, having smooth 
terminations. Sometimes a disc or bulb, of the same substance as the stipe, 
extends between these spines, and in the compressed condition envelopes 
a few of the lower cellules, as shown in fig. 17, plate A. Some of the 
phases presented by the basal extremities of this species are shown in 
figs. 13, 15, 16, and 17 of the same plate. 

The expansion at the base of this species has the same general appear- 
ance as the central disc of Gr. Logani^ Gr. Headi^ and others ; showing that 
this sort of development of the substance is not alone characteristic of 
those forms having several stipes united at the base. In other examples 
this basal expansion is contracted in such a manner as to give a crescent- 
form to the lower extremity ; but in all these gradations, the margins of 
this part are entire and unbroken. 

We have seen that the youngest forms of the diprionidian graptolites, 
those which we may suppose had but recently escaped from the reproduc- 
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tive sac, are furnished with the minute radicle-like appendage or extension 
of the solid axis, as well as the oblique lateral processes like tentacula ; 
and the condition of these parts does not seem to have been essentially 
changed during any subsequent period of their growth. While the 
extension of this slender solid axis does not seem of sufficient strength to 
have formed the base of attachment to the sea-bottom, it may have been 
sufficient to maintain connection with other parts of a compound frond. 

For all those species with a single range of cellules, as well as for some 
with a double range, including Retiolites^ RetiograptuSy and Phyllograptus^ 
I conceive that we have already shown a similar plan of development and 
a uniform mode of existence ; and we are constrained to believe that all 
these forms, in their mature condition, were free floating bodies in the 
Silurian seas. 

In regard to another group including DendrograptuB^ CallograptuSy 
and Dictgonemaj as well as one or two other forms, we have some evidence 
indicative of a difiFerent mode of existence. The stems of Dendrograptus 
are enlarged towards their base, and sometimes present a sudden expansion 
or bulb, which I have inferred may be the base or root, once attached to 
another substance or imbedded in the mud. The general form of the 
species conduces to the belief that they were fixed to the sea-bottom, 
though possibly this basal expansion may have resembled that of Oraptoli- 
thu8 fneornia. In most of the species described, the lower extremity is 
imperfect, and its termination unknown. 

In those which I have termed Callograptus, the bases of the fronds are 
imperfect, but indicate, according to analogy, a radicle or point of attach- 
ment hke Dendrograptus. In the more nearly entire forms oi Dictyonema 
known, we have not been able to observe the base ; but from their simi- 
larity in form and mode of growth to Fenestella and Retepora^ we have 
inferred their attachment either to the sea-bottom or to foreign bodies. 

Nearly all these forms occur in rocks where there are few of the larger 
fossils of any kind except the graptolites ; so that there is little chance 
of finding their bases attached to shells and corals, as we do those of the 
bryozoans, even if they had thus existed. The Dictgonemce of the 
Niagara, Upper Helderberg, and Hamilton groups do occur in strata which 
contain large numbers of other fossils ; bitt we have no evidence of their 
having been attached. It is only from their general form therefore, and 
from their analogy with other bodies, that we infer that these genera may 
have been attached to the sea-bottom or to some objects during their 
growth. 

We admit therefore that the family of Graptolitidae, as now extended, 
may include both free and fixed forms. 
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§ VI. — GENERAL CHARACTERS OF THE FAMILY OF GRAPTOLITID^ ; WITH 
REFERENCE TO THE DISTINCTIVE FEATURES OF THE GENERA, AS KNOWN 
IN THE GEOLOGICAL FORMATIONS OF CANADA AND THE UNITED 
STATES. 

In the first section of this memoir, I have remarked upon the nature 
and general form of the graptolites proper, and the allied genera which I 
regard as belonging to the same family. The large accession to the 
number of species, and the great variety of new forms added to those 
formerly known, require an extension of the characters heretofore given. 

The numerous graptolites described by Nilsson, Hisinger, Bronn, 
Murchison, Eichwald, Portlock, Geinitz, Barrande, Suess, McCoy, Salter, 
Harkness, Nicol, Meneghini, myself, and others, were for the most part in a 
fragmentary condition, affording knowledge only of the simple stipe, the 
structure of its parts, and the arrangement of the cellules. From these 
fragments however we have derived the generic characters ; while the modi- 
fications in form, and the order and relations of cellules, have furnished 
means of specific distinction in the greater proportion of those described. 

In maintaining the generic term GraptoUthus for the forms which have 
the nearest relations with those to which the term was originally applied 
by Linnaeus, M. Barrande has proposed two sub-genera, characterized 
by the presence of a single series, or of two parallel series of cellules, 
under the names of Monoprion and Diprion, The latter term having 
been applied to a genus of insects, the name Diplograptus* of McCoy has 
generally been adopted. 

The distinction indicated would at one time have expressed a character 
perfectly trenchant ; but the discovery of such forms as Gr. ramosus f and 
Gr. furcatus, shows the occurrence of both a single and a double series of 
cellules upon the same stipe, or, more properly, shows the basal portion 
consisting of a stipe, with two parallel ranges of cellules. The stipe, dividing 
at some distance above its origin, is continued as two simple stipes, each 
with a single range of cellules. These cellules are on the outer margin, 
and are a continuation without interruption from those of the lower part 
of the stipe. Including these therefore in the same group with G.pristis, 
the subdivision indicated would have less value for the purposes of study ; 
but I believe these latter forms may be separated on other grounds, as will 
be shown farther on ; so that with our present knowledge we may still 



* In the genera proposed by myself, I have chosen the termination grapius instead of 
grapsuSy since the latter termination is in use in the nomenclature of Crustacea. 

t The subdivision of this species beyond the first bifurcation, represented in the Palae- 
ontology of New York, vol. i, pi. Ixxiii, fig. 3, is erroneous; the specimen consists 
of two individuals, the base of one being placed directly in the axil of the other. 



GRAPTOLITES. 41 

recognize Diprion, = DiplograptuSj as a well-marked and clearly-defined 
sub-generic group of the Graptolithics proper, having such forms as 
(7. priatis among the typical species. 

Mr. Geinitz has more recently proposed the name Monograptus to 
include Monoprion and Rastrites of Barrande ; placing under this genus, 
as his typical species, Q-, Sagittarius of Hisinger, which is the typical form 
of Q-raptoliihus of Linnaeus. 

The genus Cladograptus* is also proposed by Mr. Geinitz, to include 
the species G, ramosus and 0-, furcatus, Hall, Gr, MurcMsoni, Beck, 
(7. serraj Brong., Gr, Forchhammeri, Geinitz, and Gr, sextans and G, serra- 
tulus, Hall. At the same time the British palaeontologists, adopting the 
name Didymograptus^ McCoy, place under that genus G, MurcldHoni^ 
Beck, G, caduceuSj Salter, G. sextans, Hall, G. geminus, Hisinger, 
G. hirundo. Salter, and other similar forms. Those which are made the 
typical forms of the genus by Geinitz are the " species gemellce " of 
Bronn, who included under that term the G. geminus, Hisinger, and 
G. Murchisoniy Beck, which are by no means nearly related to G, ramosits 
or G.furcatus, The first-named two species, which were the earliest 
known of that character, and regarded as the typical forms of Bidymo- 
graptus, are similar to G, bifidus and G. extenuatus of this memoir, 
which differ from the other species on plates i, ii, and iii, only in the 
lesser divergence of the stipes. 

Very recently Mr. Salter has proposed a further subdivision of the 
graptolites under the name Tetragraptus, " a kind of double Didymograp- 
tuSy^ of which G, hryonoide» is made the typical species ; and G. quad- 
ribrachiatus is referred to the same genus. He also proposes Dichograp- 
tus for those having the " fronds repeatedly dichotomous from a short 
basal scipe into eight, sixteen, twenty-four, or more branches, each with 
a single row of cells." " But the main character which distinguishes 
Dichograptus is the presence of a conieous plate f which envelopes 
all the lower part of the branches, and which is not kno^vn in any other 
genus of the group ; it has not indeed been seen in more than two or 
three species of Dichograptus, but it may not in all cases have been pre- 
served. "J 

These subdivisions may be of some value when the entire frond and all 
its appendages are preserved, but unfortunately this is rarely so ; and 
when we have but fragments of the stipes or branches, there is no force 



• Cladograpsus, Geinitz. Syn. Grapiolithus auctorum ; species gemellcB^ Bronn. (Die 
Verateinerungen der Grauwacken formation in Sachsen, etc. Heft, i, Graptolithen, p. 29.) 
MoKOGBAPBUB, id., ibid., p. 42. Syn. Monoprion et Rastrites, Barrande ; Graptolithus, 
Suess. 

t First discovered in the graptolites of the Quebec group at Point L^vis. 

t Quarterly Journal of the Geological Society, vol. xix, p. 136. 
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or value in the application of these terms : we are thus reduced to the 
necessity of adopting the old term OraptolithuB, Again, the value of 
Didymograptus I conceive to be pretty well illustrated in the case of 
(7. caduceusy the original of which is cited from Lauzon, Canada.* After 
studying the large collections of graptolites made by the Canadian Geo- 
logical Survey, I am compelled to believe that the 6r. caduceus was 
founded upon such forms as I have represented on plate xvi, figs. 22, 23, 
and 24 ; for we have no two-stiped species or forms of ^' Didymograptus^^ 
with a pedicle or radicle so long as that represented in the figures of 
Mr. Salter, nor any one so abruptly recurved ; and I regard the apparent 
radicle in the two examples figured as simply one of the four stipes 
imbedded in the shale, and exhibiting its non-celluliferous margin and a 
small portion of its width, as I have shoAvn in the figures cited. 

Other varieties of this form show only the two simple stipes, with a 
slight process in the centre. We have therefore a '^Tetragraptus'*^ in a 
condition undistinguishable from a ''Didymograptus^^; and the same may 
happen in Gr. bryonoides, as shown in plate iv, fig. 5, where the quadri- 
partite stipe is separated into two ; and in the separated stipes it is impos- 
sible to know if there have been two, four, or eight in the entire indi- 
vidual. With regard to those fronds which are repeatedly dichotomous, 
forming the genus Dichograptus^ of which the distinguishing character is 
the central " corneous plate which envelopes all the lower part of the 
branches," we may remark, that we have three or four species of the 
four-stiped form, or " Tetragraptus^^ with the central corneous plate ; while 
we have four species which are not known to possess it: Of the two 
eight-stiped species known, one has the central corneous plate or disc, 
and the other was probably destitute of such an appendage. In 
Cr, Loganij with its numerous simple stipes, the central corneous plate 
is usually present, though not in all examples ; while Gr. multifasciatus, 
with more numerous simple stipes than G, Logani^ is not known to 
have a central corneous disc, and, from its mode of growth, probably 
never possessed such an appendage. From the irregularity of growth in 
the Q-. abnormis, I infer that there was no central plate. 

In all the properly-branching species where the initial point is known, 
as in Q-. flexilis^ Gr. rigiduSj and Gr. Milesi^ no such central plate has 
ever been seen ; nor has it been shown in any European species, so far as 
I know. The frequently-bifurcating stipes, similar to the one originally 
proposed by Mr. Salter f as the type oi Dichograptus^ are not known to 
possess the central corneous disc. 

Although entirely willing to accept and adopt such subdivisions of the 
graptolites as will aid in determining their zoological character and 

* GraptolUhus caduceus^ Salter ) Quarterlj Journal of the Geol. Society, vol. ix. 
t Geologist, vol. It^ p. 74, 1861. 
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relations, their geological value, or indications of differences in mode of 
development, I do not appreciate at the present time the force and value 
of the proposed generic subdivisions for the two, four, and eight-stiped 
species, or the presence or absence of a central corneous disc as indicating 
generic distinctions; since it is impossible to obtain any aid from such 
designations for the references of the numerous fragments which are the 
ordinary form and condition in which we find the graptolites, and in which 
they must generally be studied. 

The form, mode of growth, and arrangement of cellules in all these 
several proposed genera, are so identical in plan as to afford no means for 
generic separation ; and although the same is true of the properly-ramose 
forms, yet I conceive it might have been convenient to adopt a term 
(^Dichograptus or CladograptuB) indicating the ramose character of the 
stipes, regarding as true branches only the subdivisions which take phce 
after the commencement of the cellules. 

The genus Nereograptus* of Geinitz, proposed by that author to include 
such forms as N^ereiteSj Myrianites^ and Nemertite» of Murchison, and 
Nemapodia of Emmons, etc., can scarcely be admitted into the family of 
GraptoUtidae, since all the American species referred to the first three 
named genera have no texture or structure like graptolites, and (as I 
have elsewhere shown) appear to be referable to the tracks or trails of 
some marine worms or other animals upon the sea-bottom ; while Nema- 
podia is simply the trail of an existing slug upon the slightly lichen-covered 
surfaces of the slates.f 

The genus Glossograptus of Emmons is founded upon a species of 
Diplograptus with ciliate appendages on the cell-margins ; and no char- 
acters are given to show its generic distinction. The typical species 
of Nemagraptus (^N. elegauB) is apparently a part of an individual of 
OraptoKthus gracilisy or of some similar species ; while the relations of 
the second species of the genus (iVT. capillariB)^ an elongate, flexuous, 
filiform body with a few branches at irregular intervals, can scarcely be 
determined from the figure given. 

The typical and only species of Staurograptui J of the same author is 
a very remarkable form of extremely minute proportions. Its mode of 
growth and subdivision of stipes, if accurately represented in the figure, 
are unlike anything known among this family of fossils, and it merits 
generic distinction. 

♦ Nereograpsus : Die Verstein. Graawacken formation, etc., Graptolithen, p. 27. 

t These markings can be easily removed from the surface of the laminae by washing with 
water ; and they can be traced over the exposed surfaces of the edges of the successive 
laminae. 

t GlossograpsuSf StaurograpsuSy Nemagrapms: Bmmons, Amierican Geology, part ii, 
p9ges 108 and 109. 
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The term Diplograptun is properly applied to such forms as Oraptoli- 
thus pristis^ Hisinger, 6r. pahneus, Barrande (excepting figs. 6 and 6), 
Cr. foUaceuSj MuFchison, and 6r. pristiniformis of this memoir ; where the 
cellules are disposed in parallel ranges on the two sides of the central 
axis, and are of the same or similar form and arrangement with those of 
monoprionidian form Cr. Sagittarius y and with others of that type, in which 
we include all the species of the first nine plates of this memoir ; the reason 
for the proposed separation being in the double range of cellules only. 

In the ordinary forms of Diplograptus (plate xiii, figs. 15-17), as in the 
ordinary monoprionidian types, the cellules are usually closely arranged, 
and overlapping each other for a part of their length. In a single species 
(^Gr. putillusy from the Hudson River formation in Iowa), which has 
come under my observation in some well-preserved fragments, we have 
so far a modification of the general arrangement of the cellules that 
the apex of one barely reaches the base of the next succeeding. The 
stipe is a strong elliptical tube with a flattened central solid axis, the 
line of which is marked on the exterior by a longitudinal undulating 
groove (fig. 10, pi. A). The «urface is strongly striated transversely, 
and the sides studded with tubular cellules, which are alternately arranged. 
These cellules are sub-oval, flattened on the side adjoining the body 
of the graptolite, curving on the exterior free portion, and obliquely flat- 
tened at the base just above the aperture of the cellule next below, as 
shown in the profile view (fig. 11, plate A). The exterior test of the 
common body is swollen in oblique undulations in the direction of the base 
of the cellules, or where the individual buds take their origin ; and the 
axis is curved towards the opposite side, as shown in fig. 10, plate A. 

The transverse diameter of the stipe is about two-thirds as great as the 
longer diameter. The celluliferous face of the stipe shows broad elliptical 
depressions; the lower side, for little more than half the height, being the sub- 
oval cell-aperture ; while the upper part is the semi-oval flattened area at 
the base of the next succeeding cellule, as shown in fig. 11, plate A. In 
this case the cellules are shown to be separate and distinct tubes, closely 
pressed against the lateral walls of the stipe on one side, and communica- 
ting with the common canal by a slightly narrowed passage, as shown in 
figure 12, plate A, which represents a longitudinal section of the body. 
In a transverse direction the base of the cellule is wider than the aperture 
(fig. 11, pi. A). 

Specimens of this character, on becoming flattened, would present a form 
where the cellules, though inclined against Xhe common body, would not 
overlap each other, and where the margin of the cellule is directed 
backward instead of forward. Were these cellules to be prolonged, they 
would overlap the next in advance, presenting in this condition but a slight 
modification of the usual forms of Diplograptus, These deviations from 
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typical forms are so slight as to offer no sufficient ground for generic 
separation. 

There are however a few examples, where the stipe is marked by a 
range of cellules upon each side of the central axis, which appear to be 
properly separated from Diplograptus^ on account of the form and stmcture 
of the cellules. These are apparently quite unlike those of G. prislis, and 
others of that sub-genus. The Ghaptoliihus bieornis, and two or three 
allied forms, when flattened in the shale, show, as already described, a 
flimple semi-elliptical notch in the margin of the stipe, nearly rectangular 
to the axis. This is well shown in fig. 8, plate vi, of M. Barrande's 
memoir, and also in Mr. Salter's illustrations of QraptolithuB teretiuscidus 
of Hisinger.* It is represented, less perfectly, in the figures of Prof. 
Harkness,t and in most of my own figures on plate Ixxiii of the first 
volimie of the Palaeontology of New- York. When compressed rectangularly 
to the cellules, the apertures are transversely oblong-oval ; and the same 
form is shown when looking upon the celluUferous margin of an uncom- 
pressed stipe. 

The structure of these stipes and their cellules has already been 
described in a preceding section, with reference to the figures illustrating 
the same. The 6?. bicornis, known in New- York and Canada, may be 
considered the type of a group of species of which we have two in the 
shales of Norman's Kill near Albany, one in Ohio, and a similar or identical 
form in the Utica slate at CoUingwood in Canada West. I would include 
in the same group figs. 6 and 6 of plate iii, as well as figs. 7, 8, and 15, 
plate ii of M. Barrande's Memoir ; Oraptolithijs teretiusculus of Hisinger ; 
and those referred to the same species by Salter. J The Dlplograjytm 
rectangularis of McCoy || is of the same tjrpe, as also figs. 1, 5, 10, 
11, 12, etc., tab. ii, of Geinitz (^Q-raptolitheri) ; and I conceive that 
many, if not all of the scalariform specimens, belong to species of this 
character. 

The Graptolithus ramoBus has usually been arranged by authors under 
DiplograptuB ; the lower part of the stipe having a double range of 
cellules, while it is bifurcated above, with the cellules on the outer margin 
of each division, as already described ; and a simple explanation of this 
condition has been offered by supposing that the solid axis has been 
separated after the death of the zoophyte. This however will scarcely 
afford a satisfactory argument when we find that all the specimens are in 
the same condition ; that usually the division begins at a uniform distance 
firom the base ; and that, when entire, the divided portion much exceeds the 

* Quarterly Journal of the Geol. Society of London, vol. viii, pi. xzi, figs. 3 and 4. 

t Id. Ibid., Tol. tH, pi. i, fig. 11. 

X Quarterly Journal of the Geological Society, vol, viii, pi. xxi. 

Ij British Palaeozoic Fossils, page 8, pi. ziii, figs. S, 9, and 10. 
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simple undivided part of the stipe. Moreover, the species is recognized 
in this condition in the Hudson River formation in Canada, and has like- 
wise been recognized in Great Britain ; while a similar or identical form 
has been shown by Prof. McCoy to occur in Australia. We must there- 
fore seek some other than an accidental cause for the explanation of this 
uniform bifurcation of the stipes of that species. In the meantime, it 
appears to me highly proper to suggest its separation from Diplograptus. 

On farther comparison, we shall find that (?. ramoius is not quite alone 
in its peculiar characters. In Q-. furcatuB there are a few cellules at the 
base of a simple stipe below its bifurcation ; and in (?. sextani^ the lower 
part of the stipe is simple, the division taking place above the first cellule ; 
but in entire individuals the division is never from the initial point, as we 
see it in G. bijidus and G. nitidus of this memoir. 

Now these first-named species, as well as 6?. ramosus, have cellules of a 
peculiar form ; and looking still farther, we find a similar form of cellule in 
(r. Forchhammeri^ Geinitz, and G. divaricatuSj Hall, two species which are 
divided from the base, having a single range of cellules upon the outer 
sides of the stipe. I believe it will be foimd, moreover, that all the 
graptolites with cellules on the lower side of the stipes (in reference to 
the initial point or radicle) have these parts of the same form as G. ramos^iSy 
and very unlike the G. pristis and allied species. Nor are the cellules 
on the simple or divided portions of the same stipe, or on those which are 
entirely divided and upon the lower side, at all like the cellules of G.priodoriy 
G, ffeminuSj G. Murchhoni^ or any of the allied forms illustrated in this 
memoir, to which the term Didymograptus has been applied ; nor can they 
be properly united with them. The form of the (Cellules is always suffi- 
ciently distinctive even in fragments of the stipes ; and this feature, together 
with the mode of development or growth, seems to me sufficient to sustain a 
generic distinction. 

The genus Betiolitea is described by M. Barrande as having no central 
solid axis, but with a single internal canal occupying the median portion 
of the polyp. The prevailing form of the stipe is somewhat concavo- 
convex, with the centre of the concave side prominent ; the entire surface 
is covered by a net-work of corneous substance, and the cell-apertures 
are quadrangular. . . . ' 

Prof. Geinitz has given some further illustrations, showing more em- 
phatically a longitudinal axis on the convex side, to which are joined the 
cell-partitions ; while he regards the common body as occupying the 
prominent central portion of the concave face of the stipe, and shows 
the cell-partitions terminating before reaching the centre, leaving a space 
occupied by the width of the common body. This he represents as covered 
by a net-work of slightly different texture from that of the other portions 
0^ the substance. 
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The Canadian specimens which I have referred to this genus are so 
extremely attenuated that it is impossible to detei-mine the details of 
structure, and the surface-characters are obscure. Thus far we have 
no American specimens in a condition to afford the means of elucidating 
some obscurities which seem to me still to exist in regard to the intimate 
structure of this genus. The species of the Clinton formation is extremely 
compressed ; and while some specimens show the cell-divisions terminating 
at a distance from the centre, yet, after protracted and repeated exami- 
nations, my most critical observations result in showing only the struc- 
ture which is illustrated on plate B, figs. 20 and 21. 

On one side we have an external, cylindrical, solid axis, to which the 
cell-divisions are joined ; but these latter show only filiform cylindroid 
processes, extending from the axis to the cell-margin, and projecting a 
little beyond the margin of the stipe. The only other aspect which we 
observe in this species is that of an undulating or zigzag filiform axis on 
the opposite side, to which the cell-partitions are joined, as in fig. 21, 
plate B. We know this to be on the opposite side or within the stipe, as 
it is sometimes seen overlying the straight axis and cell-partitions. 

At the junction of the cell-divisions with the zigzag axis there are other 
processes of similar character, projecting upward and outward from the 
axis, all of nearly equal length, but apparently broken at their extremi- 
ties. I have not been able to determine any connection between these 
and other parts of the skeleton, but we have the two structures very 
clearly represented in the figures referred to. I have supposed that 
similar processes may have extended to the opposite side, from the junc- 
tion of the cell-partitions with this undulating axis, either joining the 
cell-divisions or the straight axis ; but after long investigation I have been 
unable to find satisfactory evidence of such connection. The cell-apertures 
are surrounded by thickened margins, and the only appearances of cell- 
partitions are the sub-external cylindrical extensions from the aperture to 
the axis. Neither the species of the Quebec group nor that of the Clinton 
formation, in any of the specimens seen, are in a condition to show 
evidence of the concavo-convex character of the stipe represented by 
M. Barrande and Prof. Geinitz. 

The species of HetiograptuSj while having some characters in common 
with Hetiolites, do not possess the reticulated structure of the test in either 
of the described species. There yet remains some obscurity in regard 
to the internal structure of this genus, which can only be satisfactorily 
explained by the examination of better-preserved specimens. Neverthe- 
less, in its general form, structure, and mode of growth, it is shown to be 
quite distinct from other graptolitic genera. The three species referred 
to this genus present differences which can only be reconciled by supposing 
fiiat the two sides of the stipe are very unlike each other in form and 
CKtemal characters, as in Retiolites. 
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The species for which I have proposed the genus Phyllograptus^ pre- 
sent close analogies with the ^typical form of Diplograptus in the character 
of test and form of cellules. These, in their aperture and form, are nearly 
quadrangular ; and the cell-partitions are apparently continuous between 
the cellules, and reach nearly to the central axis ; characters which we find 
in DiplograptuH, These forms, in their great lateral extension, depart 
widely from their analogues; but they differ more essentially in their 
cruciform mode of growth, presenting an arrangement of parts, as if foiir 
simple stipes (like those of G-. bryonoides or Gr, Big%hyi) were joined 
together by the coalescing of the solid axes. In this latter respect, and 
in their great development in width, they differ most essentially from 
all the other genera of this family of fossils. These forms are fully 
illustrated on plates xv and xvi of this memoir. 

In the typical species of Dendrograptas^ as illustrated under the generic 
description, and in some of the species on plate x\di, we have a wide 
departure from the typical forms of Oraptholithus, as developed in the 
characteristic species of the genus (plates i-ix). The strong stem or 
trunk, which is free from cellules, and which has apparently been fixed 
at the base ; the irregular branching, which has no bilateral, and apparently 
no definite arrangement, such as observed in all the forms of true Grap- 
toliihus^ are strong points of dissimilarity, and furnish characters for 
generic distinction. The stem and branches are unequally striated longi- 
tudinally, but the form of the celluliferous branches and of the cellules 
offers no important difference (except in the smaller dimensions) from 
those of the stipes or branches of the usual form of graptolites with a 
single series of cellules. In one species referred to this genus (the 
D. gracilis') there is some departure from the typical form of cellules, 
and the body of the stipe is contracted at intervals, while the form of 
cellule and cell-aperture is not unlike some of the Sertularians. 

The genus Callograptus offers forms which are intermediate between 
true DendrograptuB and Dictyonema. In these species, the forms of the 
cellules have not been fully determined. They are marked in one species 
by slight oval pustules, or oval depressions, upon the extremely compressed 
surface of the stipe ; but it cannot be satisfactorily shown that this appear- 
ance indicates the normal condition of the cellule or the aperture. If the 
true form be in reality so far different from the usual chara<;ter of the 
Graptolitidae as these appearances indicate, it may be found necessary to 
separate them from this family. 

The genus Dictyonema is restricted to such forms as have the numerous 
stipes and branches connected by a transverse process, and the wholo 
united in a flabelliform or funnel-shaped frond, without elongate stem or 
trunk. The stipes and branches are irregularly striated externally, con- 
^tmg of a corneous envelope, as in ordinary graptolites ; but I have not 
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been able to determine clearly the existence of a solid axis. The cellules 
are indicated by angular processes or cell-denticles on the inner side of 
the branches ; as shown in fig. 5 of plate B. 

In the genus Hastrites of Barrande the distinguishing features are the 
slender cylindrical stipes or branches, with distant slender tubular cellules. 

The few species of Thamnograptu9 known consist of cylindrical or sub- 
cylindrical stipes, with slender elongate alternating pinnulae or branchlets. 
No evidence of cellules has been observed in any of the specimens. 

The peculiar forms for which I have proposed tiie name PtilograptviSy 
consist of branching stems, which, in all their divisions, are studded on 
each side, in alternating order, with narrow pinnulae. These are some- 
times extremely slender, or even capillary in their dimensions. In one 
species I have detected elliptical spots upon one face of the pinnulae, 
which are slightly flattened, and I infer that these are the cell-apertures. 
The substance of the test is corneous, and there is an internal solid axis. 

* 

Although I have placed these forms under the Graptolitidse with some 
hesitation, the form of cellules may perhaps render a separation desirable ; 
but with only our present information, such a separation cannot at this 
time be made. 

The genus Inocaulis was proposed for some flattened stipes with a scab- 
rous surface, which have the appearance of denticles upon the margins. 
These stipes grow in close groups or tufts, and are bifurcating or branched 
in their upper portions. No positive evidence of cellules has been observed. 
The presence of denticles, together with a corneous or carbonaceous sub- 
stance, have induced me to place this fossil among the Graptolitidse. 

There is still another form known, which may be doubtfully classed 
among the Graptolitidae. It consists of a slender flexible median rachis, 
on each side of which are placed, in alternating order, slender flattened 
pinnulae, which are of nearly equal width throughout, and are themselves 
flexuous. Upon one side of the rachis are minute points or dots, which 
have apparently been the cell-apertures. The test is a black corneous 
or carbonaceous substance, but there is no evidence of a solid central axis. 
These bodies are numerous in some shaly beds of the age of the Trenton 
limestone, at Plattville, Wisconsin. For these I have proposed the name 
of Buthograptus.* 

Associated with the preceding forms, there are some stems of corneous 
or carbonaceous texture, frequently branched, the branches again dividing, 
and sometimes, if not always, in whorls ; in one of which six divisions 
were counted. The general form of the body is not unlike that of Derir 
drograptus^ but the branches are more slender, and ramify in a difierent 
manner, while there are no visible cellules. Without farther knowledge, 

• Report of Progress of the Geological Surrey of Wisconsin for 1860, p. 19; commu- 
nicated January Ist, 1861. 



50 



CANADIAN FOSSILS, 



I refer these fossils, with hesitation, to the genus Oldhamia ( 0. fruticoaa^ 
HaU). 

The variety of form and mode of development among the graptoUtes 
is shown, by these collections from the Quebec group, to be much greater 
than had ever before been supposed. The number of species which have 
been traced to their origin, and whose mode of growth has been verified, 
is probably larger than in all the collections heretofore made ; and, together 
with those before known, enables us to give a very full exposition of the 
characters of this family of fossils. 

SYNOPSIS OP THE GENERA OP GRAPTOLITID-a. 



' Gbaptolithus, Linnaus. 



I. 

Species consisting of stipes or fronds, with a bilateral arrangement of the parts ; 
a solid axis, with a common canal extending along each series of cellules. 

1. The successive buds developed in tubular cellules, 
which are usually in contact for a greater or less pro- 
portion of their length, and inclined towards the axis. 

a. Cellules in single series along one side of a com- 
mon solid axis. Stipes, two or more, from a com- 
mon origin, with or without a central disc. Sub- 
genera MonoprioTif* DidymograpttUj MonograptiUf 
TetragrapiuSy etc. 

b. Cellules on one side of slender branches, which 
are developed on one or two sides of a long slender 
axis or rachis, the free extremities of which are 
likewise celluliferous. Ex. G. gracilis and G, diver' 
gem. 

c. Cellules developed in parallel arrangement on two 
sides of a common solid axis. Stipes narrow elon- 
gate. Sub-genus Diprion^ = Diplograptus, 

d. Cellules developed in a cruciform arrangement on 
the four sides of a common or coalescent axis. 
Stipes elliptical or sub-elliptical. 

2. Cell-apertures excavated in the margins of the stipes, 

without tubular or cup-form extension ; the cell- 
apertures upon one or both sides of the stipe. 
Graptolitkus bicomis and others. 

3. Solid axis eccentric or sub-exterior, with cellules de- 

veloped in parallel ranges on opposite sides of the 
stipe, and in contact throughout their entire length. 

a. Known only as separate stipes, with reticulate 
test. 

b. Occurring as simple stipes, and as 
fronds; test smooth. 



] 



Phtllogeaptus, HaU, 



Climaoogbaptus, HalL 



} 



Retiolitss, Barrande, 



compound \ 

r Rbtiogbaptus, Hall. 



♦ Should it be proved that there exist simple stipes with a single range of cellules, 
the definition of this section will require to be modified, or a new sub-section made to 
include such forms. 
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II. 
Species having a common trunk or stem, or growing in sessile groups of stipes from 
a common origin, without distinct bilateral arrangement of the parts. Cellules in single 
series on one side of the stipes or branches, and arranged along a common canal or axis. 



1. Branches free (1. e. not connected by transrerse bars ;) 1 
cellules in contact or closely arranged. J Dbndeoqbaptus, HalL 

\ Oallograptus, Hall, 

3. Stipes and branches more or less regularly united in a 1 
reticulate frond, without elongate stem. J ^^wtyonbma, Hall. 



2. Branches unfrequently and Irregularly connected by 
transverse processes. 



4. Stipes round or flattened, growing in groups, and bifur- 
cating above; margins denticulate; surface rough or 
scaly. [ The relations of thU genu$ are not fully deter^ 
mined,'] 

III. 



Inooaulis, Hall. 



Slender cylindrical branches, with tubular cellules arranged in single (or in double?) 
series. Cellules not in contact in any part of their length. Rastbites, Barrande, 

IV. 

Species having a common axis or rachis, with slender lateral alternating branchlets. 
Cellules unknown. Thamnogbaptus, Hall, 

V. 

Species having a common axis, more or less frequently bifurcating, with pinnulae 
closely and alternately arranged on the opposite sides ; cell-apertures on one face of 
the pinnulae. Ptilogbaptus, Hall, 

VI. 

A simple flexuous rachis, with slender flexuous flattened pinnvlse arranged in alter- 
nating order at close and regular intervals on the two sides. Cell-apertnres unknown, 
or circular. Buthogbaptus, Hall, 

VII. 

Strong stems, which are numerously branched. Branches and branchlets slender, 
arranged in whorls. Cellules undetermined. Oldhamia [?], Forbes, 



§ VII. — GEOLOaiCAL AND GEOGRAPHICAL DISTRIBUTION OF THE GRAPTO- 
LITES IN THE ROCKS OF CANADA AND THE UNITED STATES. 

Until the remarkable discovery of the graptolites of Point L^vis in 
1854, the chief repository of these fossils known in American rocks was 
in the shales of the Hudson River valley. 

The position assigned to the rocks of the Hudson River valley was the 
superior part of the lower division of the Silurian system. In this respect, 
the horizon of the Graptolite beds corresponded with those of Ireland, 
from which these fossils had been described by General Portlock ; * and 
with the position assigned to those in Sweden, as well as with those of the 

♦ Geological Report on Londonderry, etc., page 317-322. 
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Llandeilo and Caradoc formations of Great Britain. The graptolites of 
l^ohemia are from strata referred by M. Barrande to the base of the 
superior division of the Silurian system; and those of Saxony were 
regarded as from the same horizon. 

In 1850, M. Barrande expressed the opinion that the epoch of the 
graptolites was posterior to that of the " Faune Primordiale " in Bohe- 
mia and Scaaidinavia ; while their association with primordial fossils in 
the Malvern Hills and at Snowdon, indicated the earlier appearance of 
these zoophytes in Great Britain. A comparison of all the published 
information on the subject at that time induced M. Barrande to conclude, 
as a general fact, that the graptolites had made their earliest appearance 
in the regions of the northwest ; and that their highest development in 
central Europe had only been reached at a later period, or at the base of 
tljie upper division of the Silurian system. 

The investigations in the Geological Survey of New-York had proved 
in a pretty satisfactory manner that no graptolites proper occurred above 
the horizon of the Clinton group, though Dictyonema (supposed to belong 
to the same family) had been found in the Niagara formation. The species 
at that time known ranged from the higher strata of the Lower Silurian, 
to the lower beds of the Upper Silurian division ; and both in Europe and 
America, these fossils were regarded as of eminently Silurian character, 
and unknown in any later geological periods. 

The discovery of a graptolitic species in the Potsdam sandstone of the 
St. Croix River valley, by Dr. H. A. Prout, in 1850, was the first indica- 
tion of the occurrence of this family of fossils at a lower horizon than that 
of the Hudson River and Trenton formations. 

Before the discovery of graptolites in the shales of Point L^vis, these 
rocks were supposed to belong to the age of the Hudson River formation; 
and although it was shown that the graptolites were all of different species 
from those previously described, yet they appeared to offer only corrobo- 
rative evidence in support of the previously entertained opinion regarding 
the age of the strata. It was only at a later period, and from the dis- 
covery of numerous other fossils in the same formation, some of them 
having a primordial aspect, that its higher antiquity was suspected. 

The shales of Point L^vis, with their associated limestones and sand- 
stones, since termed the Quebec group, are now regarded as embracing 
the period from the Calciferous sandstone to the Chazy limestone, inclusive. 
This epoch therefore is entirely anterior to that of the Hudson River 
formation, and a careful comparison of all the species of graptolites has 
shown that no identical species occur in the two series of rocks. 

In the present state of our knowledge, we recognize the Graptolitidse 
as beginning their existence at the period of the Potsdam sandstone. 
The greatest development of the family, both in genera and species, is 
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foosd to be at tha epodhi of the Quebec group* Several g^mera and a 
few species are knoi^ii in the Trenton formation ; and a greater develop- 
xxMort, embracing most of the genera and maaj species, occurs at the 
period of the Hudson River formation in Canada and the United Statesii* 
In the Clinton strata we have a single species of Graj^oUthu8y,BiXid a Retio^ 
liU»; while Dictyoriema and JhkocavUia occur in the Niagara beds. In 
all the subsequent geol(^ical formations we have found no true graptolites^ 
and tiie only representatives of the family ccmsist of fragments of Dictyo^ 
iwmoj belongmg. to a few specieSr These occur in the Upper Helderberg, 
and Hamilton formaticms, above which we do not yet know a species of 
any genus referable to this family of fosnls^. The genua Graptolithu^ 
has its upper limit in the shales of the CUuton formation, and all others of 
tibe family, except Dictymiemaj are restricted to^ the Silurian system* 

The geographical distribution of the Oraptolitidao is not in all respects 
Goimndent with tiie extent of the geological formations. Dendrograptu^ 
oecurs in the Potsdam sandstone of the St. Croix valley; but neither 
thia nor any other graptolite is known in other localities of the sand* 
stone, so far as I am aware. The species of the Quebec group, number* 
ing more than all the other formations together, have been, identified 
for a longifcudinal extent of about 900 miles ; Point L^vis, Orleans Island,; 
St. Anne's River (Q-asp^), and the western part of Newfoundland^ being the 
principal localities* But although the Quebec group is known to extend 
into Vermont and along the eastern counties of New-York, I am not 
awsure that graptolites have been found in any authentic localities of that 
formation.* Thus far, therefore, these fossils of the group are known 
only in Canada and Newfoundland. 

The Trenton limestone, while furnishing two species of Oraptolithus in 
New^York, gives at the west no specimens of the genus proper ; but we 
have one Dictyonemay a Buihograptu%^ and an Oldhamia'i in the same 
fiomation in Wisconmn^ though not elsewhere known* 

The Utica slate at Utica aboimds in the remains of graptolites, and 
these fossils are of frequent occurrence at Oxtungo Creek, in the valley 
ofthe Mohawk* It is probable that some of the loe^ties referred to the 
Hudson River formation, may be in the Utica slate, which^ owing to the 
disturbed condition of the strata, is not separable from the succeeding 
slates. 

In the Hudson il^er formation, the characteristic graptolites, of numerous 
li^ecies, have been found, in greater numbers than elg^where, at Norman's 
Kill near Albany ; but they occur at Stuyvesant's Landing, fmd at the 



* A single braaching form, the G. MUesi^ has been published in the Geological Re- 
port of Vermont. The specimen was found in a boulder of slate, but it is probablj of 
the Quebec group. 
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city of Hudson ; while some species have been foond near Baker's Falls 
on the Hudson River, and at Ballston and Saratoga, New- York. Grap- 
tolites of species identical and similar to those of the Hudson River for- 
mation have been found bj Dr. Emmons in the shales of Augusta 
County, Virginia, and also in Tennessee. 

The more characteristic species of the formation, Gf-.pristiSy O. bicomiSy 
O. ramo8U8, G, sextans, 0. divaricatus, and 0. gracilis j have been 
recognized among the collections of the Canada Geological Survey, from 
the Hudson River formation in the valley of the St. Lawrence. In the 
extension of this formation westward, a few species only have been found in 
central and western New-York ; among these, G. pristis is the most comr 
mon, while G, Ucomis is more rarely seen. In Ohio, we have no more 
than two species from rocks of this formation ; while extensive collections 
from the same formation in Wisconsin and Iowa have afforded only three 
species (all unlike those from Cincinnati), and one of these has been 
found in beds of the same age in Illinois. In the catalogue of fossils 
appended to the Geological Report of Missouri, no mention is made of the 
occurrence of Graptolitidae in any of the formations. 

The great accumulation of materials at the epoch of the Hudson River 
formation has been in the direction from northeast to southwest ; and along 
this line the black and dark colored graptolite schists, alternating with 
coarser beds, have collected in much greater mass than in any other part 
of its extent. In the northwestern counties of New- York, Jefferson and 
Oswego, where the formation has a thickness of more than a thousand feet, 
tiie graptolites are comparatively few in species, and not of common occur- 
rence. The gradual attenuation of the rocks of this formation towards 
the west is marked by the extreme paucity of graptolitic forms. 

The graptolites of the Clinton strata have not, to my knowledge, been 
found beyond the limits of western New- York ; and both their horizontal 
and vertical range is very* restricted. The graptolitic forms of the 
Niagara formation (^Dictyonema and InocauUs') are very limited in their 
geographical extent. 

The Dictyonema of the Upper Helderberg and Hamilton formations are 
known to occur in New- York and in Ohio ; and in the northwest a species 
has been found in the Upper Helderberg limestone on Mackinac Island. 

This distribution of the Graptolitidae, as well as their general association 
with other fossils, together with the nature of the sediments, would indi- 
cate the proximity of the coast-line as their habitat, and as the zone of 
their greatest development. 
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The pre-eminence of the Quebec group, as the period of the greatest 
development in the GraptolitJdse, is shown in the above table. Of the 
fifteen genera and one Bub-genus here enumerated, eleven are knonn in 
this period ; while four genera, viz., Phi/llaffraptus, Dendrograptut, Calh- 
graptm, and PtUograptus, are not at present known in any higher position 
than the Quebec group, though one of them occurs in the Potsdam Sand- 
stone. All those genera having the nearest relations with Oraptdithus 
proper occur in this group, and the species of that genus found in it are 
more numerous than in all the subsequent formationB, so far as at present 
known. 

In addition to circumstances originally favorable to their development 
and growth, the subsequent conditions presented during the period of the 
Quebec group in Canada seem to have been equally favorable to the 
preservation of graptolites, and in no other fonaation have they been 
found with all their parts so entire. 



* Under thii genae, in the following tabU I have introduced e Bob-geaos, Dvnrano- 
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§ Vm. — ^HISTORICAL NOTICE* OP THE GENUS GRAPTOLITHUS. 



Graptolithus 
Graptolites . 



Folia grahineum. . . . .Bromel. 

Linnaeas, Wahlenberg, Beck, Quenstedt, Mur- 
chison, Portlock, De Verneuil, Kejserling, 
Mather, Yanuxem, Emmons, Barrande, D'Or- 
bigny, Geinitz, Suess, Meneghini, McCoy, 
Richter, Salter, Nicol, Harkness, Hall. 

PRIODOR Nilsson. 

Orthoobratitbs... . . . .Wahlenberg, Schlotheim, Quenstedt, Geinitz. 

Loicatoobrab Bronn, Eicbwald. 

Prionotus Nilsson, Hisinger. 

FaooiDBS .Brongniart, Eaton, Emmons, Conrad. 

Pbtalolithub ........ 3ues8. 

DiPRioN (sub-genus) ..Barrande. 

DiDYMOORAPTUS McCoj, Salter, and others. 

DiPLooRAPTUs McCoy, Salter, Harkness, etc. 

MoNOPRiON (s.-gen.) ..Barrande. 

MONOORAPTUS 1 . . „ 

Glosbooraptus I 

Nemaoraptus |Emmons. 

Tbtraobaftus .. . c 
DioHooRAPTDS.... ^Salter. 



}' 



A. D. 1727. The graptolites of Sweden were observed by Bromel, 
who regarded them as leaves of grasses. (^Act. UpsaL^ 

1736. Linnaeus established the genus Graptolithus in the first edition 
of his Systema Naturce; and some years later, in the twelfth edition, 
introduced specific names, Q. scalane being the type of the genus. 
This form has been regarded by Wahlenberg, Geinitz, and Barrande 
as the (?. sagittariuSy compressed in a direction rectangular to the 
cellules. The Q-. Sagittarius^ Linn., is therefore regarded by the latter 
author as the veritable historical prototype of the genus Graptolithus 
and of the family of graptolites. For my own part, I consider the 
Gr. scalariSj so far as illustrations of that form have come under my 
observation, as a distinct type of the graptolite family. ^ 

1821. Wahlenberg considered the graptolites of Sweden as very slender 
orthoceratites. QNbva Acta. Soc. Scien, Upsal^ vol.viii, pp. 92 and 93.) 

1822. Schlotheim, participating in the opinion of Wahlenberg, described 
and figured a species under the name Orthoceratites serratus. (^Petrefah 

enkunde, p. 56,^ pi. viii, fig. 3.) 



* From the earliest notice of the genus Graptolithus to the year 1850, I have added 
but little to that which has already been published by M. Barrande in his Graptolites 
of Bohemia. 
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1828. Ad. Brongniart described two species of graptolites from the 
Transition formation at ^' PcHnte L^vi pr^ Quebec dans le Canada/' as 
Fucoides dentatus and JP, serra* (^Histoire des VSgStaux Fossiles^ pp. 70 
and 71, pi. vi, fig. 7-12.) 

1829 [1831?]. F. Holl republished the description of Orthoceratitea 
serratvs of Schlotheim. (^Handbuch die Petrefacten.j vol. ii, p. 234.) 

18 — ? Prof. Nilsson recognized the graptolites as polyps belonging 
to the ceratophjdians. He proposed to substitute the pre-occupied name 
of Priodon for that of Ghraptolithus. (See Dr. Becky in Murchison^a 
Silurian System^ p. 696.) 

1835. Prof. Bronn, adopting the opinion of Prof. Nilsson regarding 
the nature of graptolites, gave the name LoinatoceroB (Lethea Geognoa- 
tica, vol. i, p. 55, pi. i, fig. 13, L. priodon) y at the same time arran^g 
the species with the orthoceratites, etc. 

1837. Hisinger described five species of graptolites from the rocks 
of Sweden, adopting the generic name PrionotuSy created by Prof. 
Nilsson. Among these are two species of Linnaeus, P. mgittariuB and 
P. scalaris ; to which he added the new species P.pristiSy P.foliumy and 
P. convolutus. QLeth, JSuectUy p. 113, pi. 35.) In the second supple- 
ment to that work, published in 1840, two other species are added, under 
the names P. geminus and P. teretiuaculus; the latter being of the type 
of G. scalaris. (Supp. ii, p. 5, pi. 38.) 

1839. Sir Roderick Murchison described and figured in the Silurian 
System three species of graptolites, G. LudenaiSy G. Murchiaoniy and 
G.foliaceua. (^Sil. Syateniy p. 695.) 

1840. Prof. Eichwald published a description of Lomatoceraa diatichiay 
a graptolite from the Silurian formation of Esthonia. (^Sil. Syat. in 
JSsthlandy p. 101.) 

1840. Prof. Quenstedt sought to re-establish the opinion that the grap- 
tolites are true orthoceratites. (jBT. Jahrb.f, Min.y p. 275.) 

1842. Prof. Geinitz described and figured five species of graptolites 
under the names G. foliaceuSy Murchison, G. priodony Bronn, G. I/Ur 
densisy Murchison, G. aerratuay Schloth., G. acalariay Linn., and G. 
apiralisy Geinitz; regarding them as belonging to the Cephalopoda. 
(iVT. Jahrh. /. Min.y p. 697.) 

1842. Vanuxem identified a graptolite of the Utica slate with the 
Fucoides dentatus of Brongniart. Graptolithua dentatuSy Vanuxem, 
G.pristisy Hall, His.? (Geol Rep. M Dist. K F., p. 57, fig. 2.) 

1843. Gen. Portlock. in his Geological Report, discussed the natdre 



* These species are probably identical with those which I hare heretofore described 
as G, prUtini/ormis and G, bryonoides. 



of &e graptolites, xMogmmig them as true zoophytes, and indicating 
their analogy with Seitularia and Plumalam. He suggested that the 
q^eeies may form several genera, b^n^ng perhaps to liferent orders. 
Xbe species described szfed enumerated by this author are indicated under 
the names G. SedgwicM^ G. distanSj G. tenuis ^ Portlock; Gf, convolutu$-y 
6. Bagittarius^ O^priwtii, and G. folium^ Hisinger; G. sceilaria^ linn., 
Q.foUaoms^ Loos. (^GeoL Bep. on Londonderry^ Tyrone^ and Fermanagh^ 
pp. S17-321, pls« xix and xx.) The species described by this author as 
Gorgonia, probably belong to Dictyonema. 

1843. W. W. Matiier and E. Emmons reco^u2ed QraptoUthm dentatm 
ta characterizing the Utica date. (6feoZ. i2ep. lit Di$t. JV. JT., p. 8d0, 
and Geol. %^ Dist. N. Jl, p. 279.) 

1843. J. Hall described GraptoUthus (Tlmtonengis^ frcm the shales of 
the Clinton group in the Upper Silurian. (^GeoL JRep, 4th DUt. If* K^ 
p. 72, fig. 12.) 

1846. Sir R. I. Murchison, De Vemeuil, and Count Keyserling entt* 
merated G. aagittariiUj Hisinger, and G. distichus, Eichwald, as chara<>- 
terizing the Silu«ian formations of Russia. (^Geol, of Russia and the Ural 
Mis., vol. ii, p. 882.) 

1846. Prof. Geinita repeats the opinion expressed by himself in 1842, 
regarding the nature of the graptolites ; and divides them into two sec- 
tions, the straight and the spiral forms. In the first section he de* 
Bcribes four species : 1. 6f. /(rfiacaiw, Murchison, (with which he identifies 
G. pristis and G. folium, Hisinger, and G. dentatus, Vanuxem) ; 2. <?• 
priodon, Bronn, (under which he includes G, Ludevms, Murchison, and 
G. teretiiisculus, Hisinger) ; 3. G. sagittarim and G, scalaris, Linn* 
(which he regards as varieties of the same species), Fucoides serra, Brong., 
and G. MureMsoniyBedk; 4. G. serratus^ Schlot. (^Crrundriss der Ver- 
stein^ p. 310, pi. x.) 

1846. E. Emmons published Fucoides simplex [= GraptoUthus secch 
linus'lf from the roofing-slates of Hoosic. (Natural History of NeUh 
Yorkj Agriculture, vol. i, pi. xvii, fig. 1.) 

1847. J. Hall described and figured fifteen species of graptolites, 
mostly new, from the Lower Silurian strata, placing them among zoophytes. 
(Pal. N. Yorkj vol. i, p. 265, pis. Ixxii, Ixxiii, and Ixxiv.) 

1848. Rev. Prof. Sedgwick announced the occurrence of Chraptolithus 
Sagittarius, His., Mid G. lotus, McCoy, in tiie Skiddaw slates. (Quarterly 
Jour, Geol. Socy vol. iv, p. 223.) 

1848. J. W. Salter described G. folium, 6r.j7nsft9, Hisinger, G. pristis^ 
Tar. /<?Ka(?ettj, Portlock, Gf. ramosus. Hall, G. Tamia, Sowerby aad Salter, 
G. tenuis, Portlock, and Gf. sextans, Hall, from the slates of Loch Ryan, 
etc. (Quart. Jour. Geol, Soc, vol. v, pp. 15-17.) 

1848. Prof. Philips enumerated the G, Ludensisy 0. Murchisoniy and 
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three other species in fhe Boilih, Llandeilo, and Haverford-west districts. 
(^Memoirs of the Geol, Survey^ yoI. ii, part 1, p. 308.) 

1849. James Nicol enumerated and described OraptolUhus GriestonensU^ 
O. convolutus^ O. Ludensis^ and O. laxm. (^Quarterly Jour. OeoL Soc, 
vol. vi, pp. 63 and 64.) 

1849. J. Hall stated the occurrence of twenty specries of graptolites 
in the Lower Silurian rocks ; two other species having been found in the 
Clinton formation.* (^Proceedings of the Amer, Assoc, for the Advance' 
ment of Science, 1849, p. 351.) 

1850. J, Barrande published a memoir upon the graptolites of Bohemia, 
describing seventeen species of GraptoUthuSy of which fifteen were new ; 
a new genus, Hastritesy with four species ; and the genus Retiolites, with 
one species. These are all placed among the Polypi. All of these species, 
except one, are found in tiie Upper Silurian ; four of them occur in the 
colonies of the inferior division, and pass upward to the superior beds ; 
while one species is restricted to the lower division. M. Barrande has 
given in this memoir a resum^ of the geographical and geological distri- 
bution of the graptolites in the different countries of the^lobe. 

1850. Prof. McCoy described three species of graptolites, proposing 
the name Diphgrapsus for those with a double series of cellules. He 
proposed also the generic name Protovirgularia for a zoophyte which he 
refers to the Gorgoniadse, but which may perhaps belong to the Grap- 
tolitidae. (Annah and Magazine of Nat. Sist.y vol. vi, 2nd series, 
pp. 270-272.) 

1850. Prof. Harkness described the graptolites found in the black 
shales of Dumfries-shire, recognizing two species of Mastrites and ten 
species pf Graptolites. (Quar. Jour. Geol. Soc, vol. vii, pp. 59-65, pi. i.) 

1851. Prof. McCoy published descriptions and figures of graptolites 
from British palaeozoic rocks, adopting the name Diplograpms for the 
species with two ranges of cellules. Of fifteen species which he described, 
eleven are identified as those of preceding authors, and three of these 
are recognized as American species. (British Palceozoic Fossils^ pp. 
8-9, pi. 1 B.) 

1851. Dr. H. A. Prout described a graptolite, G. Hallianus [= Den- 
drograptMs'], from the Potsdam sandstone of the St. Croix River. (Am. 
Journal Science [2], vol. ix, p. 187.) 

1851. Edward Suess published descriptions of Bohemian graptolites, 
reproducing nearly all of those described by Barrande, recognizing several 
other known species, and describing nine new species. He proposed the 
name Petalolithus as a substitute for Diprion, = Diplograptus. (Natur- 



* This number of twentj species iacluded some forms known, but not at that time 
described. 



aRAPTOLITES. 68 

wissefueJiaftliche Alhandhmgm^ yierter Band, pp. 88-184, pis, vii, 
viii, and ix.) 

1851. J. W. Salter described ft tenuis^ Portlock, and ft buUatusj^s: 
ft pristis ?, from the Silurian rocks of Scotland. (Murchisony Silurian 
Rocks of Scotland, Quart, Jour. OeoL Socy vol. rii, pp. 173 and 174.) 

1851. Boeck; Bemarkinger Angaaende GraptoUthen Ohristiania (cited 
by Geinitz ; the work not seen by the writer). 

1851. Scharenberg, ieJ^ G^aptoK^Aen (cited by Geinitz ; work not seen 
by the writer). 

1852. Prof. Geinitz described the graptolites of Saxony, placing them 
among zoophytes, and proposing the genera Monograpsus and CladograpsuB 
for certain forms of graptolites, and the genus NereograpBU% to include 
Myrianitesy Niereitesj etc. He enumerates and describes fifly species of 
graptolites of his own, or of preceding authors; and one species of 
MetioliteSj R. Odnitzianus. (Die Versteinerungen der Grauwacken-formor 
tian, heft i. Die GraptoUthen.^ 

1852. J. W. Salter described some graptolites from the south of Scotland, 
recognizing three species. (Quar. Jour. Geol. Soc.y vol. viii, pp. 388- 
891, pi. xxi.) 

1852. J. Hall reproduced the Graptolithus ClintonermSy and described 
O. veTWSuSf = Retiolites venosm. He also described the genus Dictyo^ 
nemaj suggesting its relations with Oraptolithus, and likewise the genus 
Jnocauiis. (Palceontology of NeuhYorky vol. ii, pp. 39 and 40, pi. xvii, 
and pp. 174-176, plates xl f, and xl a.) 

1853. J. W. Salter. A new species of graptolite (DidymograptuB 
eaduceuSy Salter), " from the Lauzon Precipice, Hudson River Group." 
(Quarterly Jour. Geol. Soc, vol. ix, p. 87.) 

1855. Dr. Emmons described several new species of Graptolites, and 
proposed the generic names of Nemagrap%\i%y GloBBograpsuSy and Stauro- 
grapBUB. (American Geology, vol. i.) 

1857. Prof. Meneghini, from collections made by General De la Mar- 
mora, described ten species of graptolites from the Silurian rocks of the 
Island of Sardinia, of which eight species were new. (Palceontohgie de 
rile de Sardaigne.^ 

1857. J. Hall communicated to Sir William E. Logan descriptions of 
twenty-one new species of graptolites from the Lower Silurian rocks of 
Point L6vis (Lauzon seigniory) near Quebec, (many of the species having 
compound forms not before known among this family of fossils,) and 
proposed several new genera. (Report of ProgreBB, Geol. Survey of 
Canada, 1857. See also the Canadian Naturalist and GeologiBt, vol. iii.) 

1859. J. Hall published Notes upon the genus Graptolithus, with an 
enumeration of the Canadian species ; a notice of graptolite-stipes with 
reproductive cells, together with descriptions of two new species. (Twelfth 
Report on the State Cabinet^ Albany, pp. 45 and 58, 1859.) 
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1859. The preceding notee were i^prodaeed, witli descripticmi of fii^e 

additional species of Graptolithus, one Retiograptu%^ the genufl TharM(h 
^aptM with two species, and one species of Rastrites. (^PaloBOntobgy 
1^4 F., vd, iii) pp. 495 and 522.) 

1860. J. Hall, in continuation of the paper from the Twelfth Report 
on the State Cabinet (from Palaeontology of New^York, vol. iii, Supp.), 
described additional species of OraptolithuSy HetioffraptuSy ThamnogtOf^ 
tusj and Rastrites as above. (^TMrteefUh Eej^ort qf the State Cabinet^ 
pp. 55-64, 1860.) 

1861. J. W. Salter in " New Fossils from the Skiddaw Slates," noticed 
the occurrence of several species of Q-raptolithui, and the discovery of a 
branching form similar to those which Sir William E. Logan first brought 
to light in Canada, which he proposed to term Dichograptue. (Oeohgint^ 
tol. i, p. 74.) 

1861. Prof. McCoj sent to the writer a proof of a plate of graptoUtes 
from the ^^Pakeontology ofVictoriay Among the figures are species Closely 
resembling or identical with O. ramosus^ G. furcatus, and 6?. gracilis ; 
while others resemble O, pristisj O. Sagittarius^ &c. The descriptions 0S 
farther illustrations have not come under our notice. 

1861. E. Billings " On the occurrence of Graptolites in tiie base of 
the Lower Silurian." The paper contained a review of the work of Freki- 
lich Schmidt, and a comparison of the graptolitic zones in Europe and 
America, with a view to show that the graptolite^hists of Norman's « 
Kill near Albany are not in the upper part of tiie Lower Silurian division« 
(^Oanadian Naturaliet and Geologist^ vol. vi, pp. 344 and 348.) 

1863. Sir William E. Logan recognized the occurrence of Graptolithue 
bicorniSy G. ramosus, G. vnndronatus^ and G. pristis^ characteristic spe^ 
cies of the shales of Norman's Kill, in the Utica and Hudson River forma- 
tions of Canada. (Geology of Canada^ p. 200*, and Catalogue of Fossils^ 
p. 942. Idem, GraptoUtes of the Quebec group,, pp. 226 and 228.) 

1868. J. W. Salter (Note on Skiddaw-Slate Fossils) noticed some 
new species of graptolites, proposing the new genus Tetragraptus^ and 
describing the genus Biohograptus previously proposed and cited above. 
(^Quarterly Journal of the Geological Society j vol. xix, pp. 136-140, 
irith illustrations.) 

^*^ The GhraptoUthue from the Hooeic slate-quarries was named by 
Prof. Eaton Fucoidee eecalinui, and the specimens were thus labelled in 
the cabinet of the Rensselaer School at Albany, as known to the writer 
from 1832 to 1836 ; but we have been unable to find any published 
aescription. 



CHAPTER II. 



J,.,.-^yKOPSIS OF rasi SPBOHfS OV aBAPTOUTID^ 01? TER QUEBKC aBOTJP, 

fL Species hatx^o a bilateral arrangement of parts. (Sub-genus Monopriorif 

B^rrande; MonograpiuSj Qeinitz.) 

Genus Graptolithus, Linnaeus. 

a. Species consfotihg of two stipes from a single axis. (IH^rMgrap- 
tuBj McCoy ; Cladograptus^ Geinitz in part.) 

Plate. Figure. 

0. nttidus ..•• 1 .... 1-9 

patulaa « 1 ••.. 10-15 

bifidus 1 ...» 16*18 

bifidu9 a .... 9-10 

indentns ,.,, 1 .... 30 

exteiiiiatu» I .... 21-22 

constrictas 1 .... 23-27 

similis 2 .... 1-5 

arcuatas 2 .... 6-10 

extensus 2 .... 11-16 

pennatulus 3 .... 1-8 

pMMsaliilua......«,.,^.,»,..,«.^...«,... 5 <t««^ 9 



h. Species consisting of four simple stipes from a single axis, with or 
without a central disc. (^TetragraptuSy Salter. Bichograptus^ 
Salter, in part.) 

Platik Figm?e; 

G.bryonoides? ...^...^^..^.^..^...i^.u..^^ 3 .^«« 11-1,2 

brjoDoides .*. 4 .••• 1-11 

brjonoides 6 .... 4 

denticulatus 4 .... 12-16 

qnadribrachiatus • 5 .... 1-5 

quadribrachiatus .•••.. 6 .... 5-6 

fruticosus 5 .... 6-8 

fraticosus 6 .... 1-3 

crucifer ....» 5- .... 10 

Head! 6 .... 8 

alatas ....•• ^ 6 .... 9 

Bigsbyi la ..^^^ a2"*ao 
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c. Species consisting of eight simple stipes proceeding from a single 

axis, with or without a central disc. (^DichograptuSj Salter, in 
part.) 

Plate. Figure. 

G. octobrachiatns «•••••....• 7 ..•• 1-7 

octobracbiatus 8 .... 1-4 

octonarius. 10 .••• 1, 2 

d. Species consisting of more than eight simple stipes proceeding from 

a single axis, with a distinct broad corneous disc. (BichograptuB^ 
Salter, in part.) 

Plate. Figure. 

G. Logani 9 .... 1-9 

Logani, yar 11 .... 7 

e. Species with the stipes proceeding from a single axis, and more or less 

frequently branched during their entire length ; not known to 
have a central disc. 

Plate. Figure. 



G. flexilis 10 

rigidus •••• 11 

abnormis ..11 

Rlcbardsoni 12 

ramolus 12 



3-9 

1-6 

6 

1-8 

9,10 



B. Species (so far as known) consisting of simple stipes wmcH are cellulif- 

EBOUS ON TWO SIDES. 

a. Cellules tubular, inclined to the axis, aperture subquadrangular. 

Plate. Figure. 

G. (Diplograptus) pristiniformis. 13 .... 15-^17 

" inuUlls 13 .... 14 

J. Cellules short and square, aperture transversely-elliptical, appar- 
ently excavated in the margin of the stipe. 

Genus Climacograptus, Hall. 

Plate. Figure. 
0. antennariug 13 .... 11-13 

Genus Retiolitbs, Barrande. 

Plate. Figure. 

B. ensiformls , 14 .... 1. 5 
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C. Species with nttmerous simple stipes from a single azis^ in bilaterax 
ARRANGEMENT. (Other species kiiown only as simple stipes.) (Sub-genus 
Diprionj Barraude; DiphgraptuSj MoGoy.) 

Genus Retiograptus, Hall. 

Plate. Figure. 
R. tentaculatas 14 .... 6-8 



D. Simple stipes with quadrilateral arrangement of farts. 

Genus Phtllograptus, Hall. 

Plate. Figure. 

P. tjpus 15 . . • • 1-12 

ilicifolius 16 .... 1-10 

Anna 16 .... 11-16 

angustifolius 16 .... 1*7-21 

E. Species haying stem-like axes with numerous irregular ramifications. 

Genus Dendrograptus, Hall. 

Plate. Figure. 



D. flexuosus 17 

fiexuosus ? 18 

divergens. 17 

striatus 17 

erectus 17 

fruticosus 17 

diffusus 18 

gracilis 18 



1-2 

4 

3,4 

5,6 

7 

8,9 

1-3 

6,6 



F. Species with flabellate or funnel-shaped fronds, the branches of which 
are connected by regular dissepiments giying a fenestrate struc- 
ture, or by unfrequent and irregular transverse bars, and some- 
times BY AN anastomosing OF THE ADJACENT PARTS OF THE BRANCHES. 

Genus Callograptus, Hall. 

Plate. Figure. 

0. elegans .••• 19 •••• 1-4 

Salteri 19 .... 6-8 

Genus Diotyonema, Hall. (Graptopora, Salter.) 

Plate. Figure. 

D. irregularis 20 .... 1,2 

robusta • • .....•• 20 .... 3, 4 

quadrangularis 20 ...• 5 

Murrayl.. 20 .••• 6,7 
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Q» SfSCDBS 00N8Z8TIKO OF VRMSOBSB WITS SUB-CTLIKDRICAL OtL BOmrSID AXB9f THB 
^TIlCi.TI. FIKSXTLM ■LOSOtATB, SITirORM^ OBr PLVlf081, AX» ALTIRNATELT 
ARRANGED ON THB TWO gU»B8 OF TBB AXIS OB LABQCB BAMim. 

Oenus PniiOGRAFTuS) HaH. 

Plate. Figure. 

P. pinmosas 21 .••• 1-4 

Geinitzianas .•• 21 .... 6-8 

Genus Thamnogbaptus, Hall. 

ThamnograptuB Anna 21 ..•• 9 



Species introduoed from the tttioa slate op lake st. john, ?or comparison 

AND illustration. 

Graptolithus. 

Plate. Figure. 
G. (= Monoprion s^DidJfmogrl^)tus) flaccidos ...-•.,. 2 .... 17-19 
G. (= Diplograptos) quadrimucronatus 13 .... 1-10 

Rbtiograptus. 

PUtfr« Figure. 

Retl(%raptu8 euebads ••••... » .•••• 14 ••••^^ 9 



§ n.— DESCRIPTIONS OP THB SPECIES OP GRAPTOLITIDiE FIGURED 

IN THIS MBHOnt. 

GsNifflb (2ffiAPTQUTHU&^ Lmnaoas;. 

Q-eneric Characters. — Polypidom or frond consisting of slender elongated 
stipes or stems, which aire flattened and quadrangular, and may be simple 
or compound, and sometimes bifurcating. The cellules take their origin 
from a common body or canal, which is parallel to a slender axis. 

Some of the species have the cellules in single aeries, and others have 
them In two series, arranged on opposite sides of the stipe. 

Those species with tiie single series of cellules (^Monoprion, = Mono* 
graptm) have the axis marginal; while those with the two series of 
cellules (^Dipnon,= Dyplogiraptus^ have each series entirely independant 
of the other and sepacated. by a douhla solid axis, leaving no communi- 
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cation between the series, each of which has its common body or canal, 
as in those with the single series of cellules. This character is cleariy 
shown in some of the bi-celluliferous species, which subdivide above the 
base by the dehiscence of the axes. 

The species having a single series of cellules are developed in a bilateral 
arrangement of the parts on the two sides of a central point or radicle. 
The simplest forms known consist of two single elongate stipes ; others 
have four, eight, or more simple stipes ; while in other species the stipes 
are variously bifurcated ; but in all they are symmetrically and bilaterally 
arranged upon the two sides of the specimen. Many of these compound 
forms have the bases of the stipes united in a central corneous disc or cup, 
which is of the same substance as the stipes, thickened in the middle, and 
attenuate at the margins, and which in the living condition was probably 
of a concavo-convex form. 

The centre of these discs on the exterior side often presents a small 
prominence or point, which however does not bear evidence of having 
been attached, at least during the later periods of the animal's life. 

The species under this genus may for convenience be distributed in 
two sections with several subordinate divisions, as shown on pp. 65 and 66. 



4 
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1. Graptolithus nitidus. Hall. 
Plate I, figures 1-9. 

(G. NITIDUS, HaU : Geological Survey of Canada^ Report for 1857, page 129.) 

D^^ijE^fi^ni-^-^Frond composed of two simple stipes proceeding from 
a small radicle, and diverging at an angle of about 175°. Stipes narrower 
at the base, and gradually widening towards the extremities, which in 
perfect specimens are somewhat rounded from the partial development of 
two or three of the terminal cellules. Radicle short, abruptly tapering to 
a slender point. The stipes in their greatest width are from six to 
ten hundredths of an inch, while near the base they are often not 
more than five hundredths of an inch in width. The proportion of the 
stipe occupied by the common body is about one sixth, or less than one 
sixth of the expire width. In the broader stipes, the limits marked by the 
pustuliform elevations indicate the bases of the cellules. In some speci- 
mens, (^ne fonrth of the width is occupied by the common body. 

Cellules long and narrow, from thirty4wo to thirty-four in the space 
of an inch, curving slightly upwards, nearly twice as large at the 

E 
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aperture as at the base, and about three times as long as their greatest width 
when the stipe is flattened ; incUned to the axis at an angle of from 35® to 
45° ; division-walls of cellules in contact, or united for three fourths of their 
entire length ; margin of the aperture straight, or slightly curved near the 
anterior edge, making an angle of 110° or 112° with the axis ; the anterior 
margin, in the broader stipes, lies over the base of the third cellule in 
advance. The limits of the cellules are strongly marked by a line indi- 
cating the place of the partition or divisional cell-wall, which on one side 
often terminates below in a pustule. 

This beautiful little species difiers very distinctly from all others of the 
genus which I have studied ; and it bears little relation to any of the 
European forms described, so far as they have come under my observer 
tion. The substance of the stipe is usually thickened, brownish-black in 
color, smooth or slightly wrinkled from desiccation, and rarely marked 
with distinct striae parallel to the cell-margins. The striae apparently 
indicate the successive stages of growth or development of the cell-walls. 
The divisions between the cellules are strongly marked by what usually 
appears to be a distinct groove produced by the folding of one cell over the 
other at the line of junction, this line indicating the place of the cell-partition. 
The sheath or common body of this species is usually partially filled 
with stony matter, and a section presents an extremely elongated oval 
form. This condition may be partly due to the original character of 
the body, or to the nature of the matrix ; which is less finely laminated 
than some of the graptolitic slates, but preserves the fossil in a very beau- 
tiful manner. The imprints are stained by oxide of iron, and the striae 
marking the divisions of the cellules are often well preserved. The trans- 
verse striae parallel to the apertures of the cells are often distinctly seen in 
casts of the interior. 

The minute tubercles marking one side of the stipe are rarely shown 
on the two sides, and sometimes on neither side. The conditions of 
pressure may have had some influence in causing this appearance ; since 
the point of the abrupt bending of the partition between the two cellules 
may have resisted more than the other parts, and thus produced the 
prominence observed. The proportions of parts are subject to slight 
variations, dependent mainly on the degree of stipe-development. In 
the narrower forms, the cell-aperture often lies vertically above the base of 
the second cellule in advance, instead of above that of the third as in the 
wider forms. In the relations of the cellules to each other, they appear 
as if the pressure had been exerted obliquely to the direction of the axis ; 
the cellules being slightly en Sch4hn. There are however many indica- 
tions pointmg to such an arrangement as being the original disposition of 
the cellules on the axis, not only in this but in other species. 

The impressions of &, bryonoideB resemble those of this species ; but 
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the stipes are broader, the striae less rigid and distinct, and the tubercles 
and coarser denticles of G, nitidus are ajjsent. In mode of growth and 
general aspect, this species resembles Q-. serratultis of the Hudson River 
group (PaJ. N. Y., vol. 1, p. 274, pi. Ixxiv, fig. 6 a, 6) ; but in the latter 
the denticles are coarser and more oblique, the lower side being much the 
longer, and the stipes are more distinctly linear ; while in 6?. nitidus the 
stipes become gradually wider from the base, and are very distinctly striate 
and pustulose in well-preserved specimens. 

EXFLAKATIONS OF FlGUBIB OF GbAPTOLITHUS NITIDUS, Hall. 

Platb I. 

1. A young indiyidual preserving the radicle and the two stipes. 

2. The extremity of a stipe enlarged, showing the partially-deyeloped cellules. 

3. A larger specimen of similar character to fig. 1, showing the pustules at the 

base of the cellules. The extremities are not quite entire. 

4. A part of the left side of fig. 3 enlarged, showing the pustuliform eleyations. 

5. An enlargement from another specimen, with the cellules obliquely compressed, 

and the pustules obscurely shown. 

6. Two smaller indiyiduals, which, from juxtaposition, similarity of size, etc., seem 

as if they may have originated from a common base. 

7. An impression of a more extended form, which is proportionally narrower than 

tig. 3. 

8. A still narrower form of stipe, diverging almost rectangularly from the direc- 

tion of the radicle. 

9. A well-preserved small individual, enlarged three diameters. 

Formation and Locality, — Shales of the Quebec group ; Point Ldvis. 



2. Geaptolithus patulus, Hall. 
Plate I, figures 10-15. 

(G. PATULUS, Hall : Geological Survey of CanadOj Report for 1857, page 131.) 

Description. — ^Frond composed of two simple stipes diverging almost 
rectangularly from a small radicle. Stipes long^ linear, widening very 
gradually from the base to the extremities, which are somewhat rounded 
firom the immaturity of the later cellules. Width from base of serratures 
to the back of the stipe, from one sixteenth to one twelfth of an inch. 
Surface strongly striate in the direction of the cellules; striae curving. 
Radicle minutcj. The proportion of the stipe occupied by the common 
body varies from a perceptible line to one fifth of the entire width, and is 
dependent partly or entirely on the direction of the pressure. 



- » 
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Cellules distinctly limited by the partition-walls, about from twenty-four 
to twenty-six in the space of an iqph ; rather wide, making an angleof about 
60° with the direction of the axis, and slightly curving upwards ; their pro- 
portions vary according to the width of the stipe, being from three to four 
times as long as wide. Outline of the aperture curved, concave, making an 
angle with the axis of about 130° ; on the lower or posterior side produced 
into mucronate points which curve gently forward : walls of the cellules 
distinctly striated parallel to their margins, for one half the depth. The 
anterior margin of each cellule is vertically above the base of the second 
cellule in advance. 

Fragments of this species are numerous upon some slabs of greenish or 
blackish-green slate where other sjlecies occur. The remains of single 
stipes are sometimes four or five inches in length, showing in .different 
individuals little variation in width after becoming perfectly developed, 
which occurs within an inch of the radicle. Sometimes the stipes are 
compressed vertically, and present the smooth linear base or exterior, 
which is less in width than when compressed laterally. The lateral faces 
of the stipes exhibit some variety of surface, dependent on the degree of 
compression, or in some instances, on the replacement or filling of the inte- 
rior by iron pyrites. In these cases, or when the branch is not flattened, 
the surface is deeply striated or wrinkled obliquely. Sometimes when 
extrpmply compressed, the surface has an appearwce of vesicular struc- 
ture, which is probably due to influences attending the mineralization of 
the fossil, or the filling up of the Original canal. . • 

This species is palpably different from the last in the greater extent of 
the stipes, and in their almost perfectly linear character. The form of the 
denticles, and their angle with the axis, as well as their proportional dis- 
tance, are distinctive characters. The (?. virgulatus of Beck (Geinitz's 
Graptolithen, page 37, pi. v, fig. 36) bears some resemblance to this 
species in the figure of natural size ; but our species does not correspond 
with the enlarged figures. 

Explanations of Figures of Gbaptolithus patulus, HaU. 

Plate I. 

,10.; A specimen, preserving tjie radicle, and a stipe, .on . one side two «mdia half 
inches in length. . : • ■ . t 

11. The distal extremity of a larger stipe. Some of the cells are filled with 

iron pyrites. ' . 

12. A short stipe broken off near the radicle^ showing the narrow form near the 

base, and a greater width beyond, exceeding that of the 6rdinary forms. 

13. A part of fig. 12 enlarged. 

14. A part still further enlarged ;to show the striae parallel to.the cell-apertures. 

15. An enlargement from fig. 11, where some cells are filled *with iron pyrites, 

showing their extension almost to the back of the stipe. 
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Formation and Locality. — Shales of the Quebec group ; from loose 
masses below the village of Point L^vis. 



3. Graptolithus bifidus, Hall. (n. s.) 
Plate I, figures 16-18 ; Plate IH, figures 9, 10. 

■ • 

2)e8mp<wn.— JFrond two-stiped : stipes diverging from the small short 
radicle, and curving slightly inward, and thence extending in right lines 
including an angle of from 15° to 20°, varied by growth or accident. Stipes 
very narrow, rounded at the base, and gradually expanding above, attain- 
ing their greatest width at about two thirds of the distance from the base, 
from which they are gradually narrowed to the extremity ; they curve on 
the celluliferous margin, and are essentially straight on the back. The 
cellules continuing to increase in length as the stipe is extended to 
the point of greatest width, give the peculiar curving outline to the 
celluliferous margin. In the stipes of ordinary width, about one sixth 
of the space is occupied by the common body ; though this proportion 
Yaries with the development of the stipe. Test thin, nearly smooth, 
or with faint striae parallel to the cell-margins : divisions between 
the cellules strongly marked, and frequently terminating below in 
a minute pustule. The width of stipe varies from one fifteenth of an 
inch at the base, to one eighth or even one fourth. of an inch in the widest 
portions. Cellules long and slender, except a few at the base, and some 
partially developed near the apex : the length of the cellules is from three 
to four and a half times their width, according to the degree of develop- 
ment, and they incline to the axis at an angle of 48° near the lower part, 
curving more directly upwards in the middle, or more fully developed part 
of the stipe. Near the base of the stipe the angle of the cellules is greater, 
and towards the apex it is less, imtil the last few are inclined at a very low 
angle. The cellules are free for from one fourth to one third of their length. 
The apex is extended in a sub-mucronate point. The curving of the cell- 
margin forms an angle of about 120° with the axis in the widest part of well- 
developed stipes. 

This species is very peculiar, difiering from all others described in this 
memoir (except G, pennatulus) in the great inequahty of width in the 
stipe, and the apparently continuous increase of width from the extension 
of the cellules ; while the younger cellules near the apex seem to be 
slowly developed. The stipe at the base is nearly round. Of the earlier 
oelloles usually four or five and sometimes six or seven do not attain 
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the full proportions. In sereral specimens (and indeed in all those upon 
which the species was origmally founded), the stipes diverge irom the 
radicle at an angle of 15® or 20° with the celluliferous faces on the inner 
or approximate margins. A later examination of other collections shows 
some specimens where the divergence is greater, and the development of 
parts more excessive. 

Three individuals of this species from the shales at Point L^vis preserve 
very constant characters in the mode of growth and structural details. One, 
a single stipe much longer than the others from the same locality, pre- 
sents some departure from the prevailing characters, and is referred with 
hesitation to this species. Another specimen among later collections from 
above the river St. Anne, has more divergent stipes and a stronger form 
than those first described. In the imperfect condition of preservation of 
these specimens, it is not easy to determine what extent of variation in 
individuals of this form may be due to the mode of growth and to otiber 
causes. 

Explanations of Figubis of Gbaptolithub bifidus, Hall. 

Plati I. 

• 

16. A small specimen from the same fragment of slate with fig. 17. 

17. An individual of ordinary size. 

18. An enlargement of the upper part of one stipe of fig. IT. 

Plath III. 

9. An individual of this species, having a greater divergence of the stipes than is 

usually observed. 
10. An enlargement from one of the stipes of the preceding, showing the form of 
serratures, and the minute pustules at the base of the cell-divisions. 

Formation and Localities. — Shales of the Quebec group ; Point Ldvis, 
and three miles above the river St. Anne. 



4. Graptolithus indentus. Hall. 
Plate I, figure 20. 

(Gbaptolithus indentus, Hall : Geological Survey of Canada, Report for 1857, page 128.) 

Description. — ^Frond consisting of two simple stipes, diverging at the 
base from a slender radicle, and making an angle between the two of 5(f 
for the first quarter of an inch, and above this continuing in a nearly par- 
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allel direction. Test somewhat rough : width of stipe about six hundredths 
of an inch ; the back marked by a strong axis, and a scarcely appreciable 
portion occupied by the common body. Cellules narrow, distant, about 
twenty in the space of an inch ; each one having a length of about three 
times its \ndth, half of the length being free ; inclined at an angle of 
about 33^ to the axis : aperture at right angles to the axis ; the apex 
acute and pointed. 

This species bears a resemblance to 6?. extenuatvs in the width of stipe 
and proportional distance of cellules ; but the angle of inclination of the 
cellules and the form of aperture are quite diflferent ; the absence of 
pustules at the base of the cell-divisions is also a very distinctive character. 
The stipes of this species bear a very close resemblance to those of (?. 
qaadribrachiatus ; but the individual figured, in which the base is pre- 
served, shows in its peculiar curving and smaller serratures near the base, a 
feature which belongs only to the two-stiped forms. TJie cellules also 
appear to be narrower, and are slightly closer in their arrangement; 
stipes of the same size of the two species/ showing respectively eighteen 
and twenty cellules in equal spaces. 

Explanation of Fioubb of Graptolithus indentuSj Hall. 

Plate I. 

20. An individaal of the natural size, the continuation of the stipes having been 
broken off. 

Formation and Locality, — Shales of the Quebec group ; Point L^vis. 



5. Graptolithus extenuatus, Hall. (n. s.) 
Plate I, figures 21, 22. 

Description, — Stipe slender, linear, straight ; substance smooth, except 
the striae indicating the cell-partitions ; width a little less than one 
twentieth of an inch, the common body occupying a little more than one 
quarter of the width. The back of the stipe. is marked by a strong marginal 
axis. Badicle unknown. 

Cellules narrow, very gradually expanding from the base, length about 
three and a half times the width ; making an angle with the axis of nearly 
%(fj and curved near the base. Apertures truncate, slightly curved to- 
wards the anterior margin, and nearly at right angles with the axis ; free 
for about two fifths of their length ; about twenty-four in the space of an 
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inch. The apex of the cell-denticlo or aperture is a little forward of the 
tubercle marking the base of the second cell in advance. The cell- 
partitions or septa are not strongly marked, but distinct under a lens, and 
terminate below in a minute rounded process or pustule. 

(The specimen on which this description is founded is a fragment 
of two and a half inches long. Other fragments on the same piece of 
weathered shale appear to be identical with it, but are too obscure for 
satisfactory determination. It is supposed to be a bibrachiate form.) 

This species bears considerable resemblance to the figure of Q-. tenuis 
of Portlock, as given by McCoy (Brit. Palaeozoic Fos^ls, pi. i. B, fig. 4 a, 
b) ; but the stipe of that one shows no pustule at the base of the cell-division. 
The original figures of Portlock do not however correspond so nearly with 
our species in its cellules, while the axis is not so strongly developed. 
Compared with any of the Canadian forms, except 6?. exten9U9\f it is 
proportionally narrower ; with that one it corresponds in the number of 
serratures in the same space ; but the angle made by the cellules with 
the axis is very different, and the presence of pustules is a distinguishing 
feature. From all other analogous forms, this one varies in the form, 
proportional number, and inclination of the cellules. 

Explanations of Fioures of Gbaptolithus iztinuatub, Hall. 

Platb I. 

21. A fragment of the stipe, natural size. 

22. A portion of the lower extremity enlarged ; a part of the specimen retaining 

the substance of the fossil, and a part being an impression in the slate. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



6. Graptolithus constrictus. Hall. (n. s.) 

Plate I, figures 23-27. 

Description. — Frond composed of two slender stipes, which diverge 
almost rectangularly from a minute radicle, or are usually bent a little back- 
wards, a feature which is more conspicuous in young individuals. The 
stipes attain their full dimensions near the radicle, maintaining nearly an 
equal width throughout their length : the extremities are somewhat rounded 
from the partial development of some of the terminal cellules. The stipes 
in their greatest width are about nine hundredths of an inch, and VAry 
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from five to nine hundredths m their difierent stages of growth and devel- 
opment. The common body occupies a very small proportion of the 
entire width, and its limits are not distinctly defined. Surface of stipes 
quite smooth ; test very thin, and cell-walls usually obscurely marked. 

Cellules of moderate length, from twenty-four to twenty-six in the 
space of an inch, and inclined to the axis at an angle of about 32°, as 
indicated by the lines of the cell-partitions : line of the aperture truncate, 
or very slightly convex, making an angle of 120° with the axis, and 
nearly rectangular to the direction of the cellule. The cellules, in their 
lower part, and for two thirds of their length, are straight, and scarcely 
wider throughout than at their origin : at this point, just before becoming 
free, they are abruptly expanded on the posterior side, and this margin 
of the free extremity makes a larger angle with the. direction of the axis. 
This expansion of the cellule is perhaps as properly a sudden constric- 
tion just below the orifice, or at the base of the cell-denticle. The cell- 
denticles, under a strong lens, are seen to be finely striated parallel to 
the line of the aperture. 

This species in its mode of growth and general form resembles G.patulus^ 
but in its development it earlier attains the full width of the stipe. It 
is always smoother on the exterior surface, and the cell-walls rarely make 
distinct striae, as in that species, though this character is visible under a 
lens. The form of the denticles is however very characteristic ; and 
this at once distinguishes it not only from 0: patiUus, but also from every 
other species of this group. It is associated in the same slates with 
(?. patvlus and Q-, quadribrachiatus. 

A specimen in the shales of Gros Maule, preserving all the essential 
features of this species, has apparently a thicker test, and the interior is 
partially filled with stony matter, so that the parts are more clearly seen. 
In this one the cells show a very gradual expansion towards the aperture, 
and a slight curvature of the cell-partitions near the base, while the con- 
striction below the cell-moufchs is more strongly pronounced. 

Explanations of Figures of Gbaptolithus constbiotuSi Hall. 

Platb I. 

23. A joang^ individual of the natural size. 

24. An older specimen. 

25. A part of a much more extended stipe, but which Is not wider than fig. 23. 

26. A part of a stipe from Gros Maule. 

27. An enlargement showing the form of cells, the cell-denticleS or apertures, and 

the characteristic apparent constriction. 

Formation and Localities. — Shales of the Quebec group ; from some 
looBe masses below the village of Point L^vis, and from Gros Maule. 
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7. Graptolithus similis, Hall. (n. s.) 
Plate II, figures 1-6. 

Description, — Frond consisting of two narrow sublinear elongate stipes, 
proceeding from a small pointed radicle, from which they diverge almost 
rectangularly : stipe acquiring its full width near the radicle, having a 
short space near the base without cellules ; extremities somewhat rounded, 
from the partial development of the cellules. The stipe varies from five 
to ten hundredths of an inch in width : the cell-partitions, when visible, 
extend nearly to the back of the stipe, leaving a narrow space occupied by 
the common body. Surface nearly smooth : cell-partitions seldom seen, and 
not distinctly visible ; the specimens extremely compressed. 

Cellules somewhat short and broad, little curved, about twenty-one 
in the space of an inch, inclined at an angle of 23° to the axis. The 
cellules are from two to three times longer than wide, this depending 
on the width of stipe : margin of aperture truncate, making an angle 
with the axis of from 118° to 130° ; the cell-walls show obscure strisB 
parallel to the aperture. The apex of the denticle is vertically above the 
posterior basal edge of the second cellule in advance. 

The nearest affinities of this with any American species are with those 
designated by me as Q-, Sagittarius and Q-, serratulus from the shales 
at Norman's Kill, near Albany ; but the cellules make a much less 
angle with the axis of the stipe, and the whole body is less robust than 
the larger specimens of G. Sagittarius. It bears a remote resemblance 
to the figures of (?. nuntius of Barrande, as given both by Barrande 
and Geinitz ; approaching more nearly to the figures of (?. sagittarivba 
of Hisinger, as given by Geinitz, than to any of ihe others ; though these 
figures give a higher angle between the axis and the direction of the 
cellules. • The angle made by the cellules of G. nuntius with the axis, 
as given by Barrande, is 45°, which corresponds with our Norman's 
Kill specimens ; but they differ in other respects. The present species 
differs from most of the other Canadian species in the straightness of its 
stipe ; and in the low angle made by the cellules, from all others, except 
Q-, indentus. 

The specimens are replaced by pyrites in a dark or nearly black slate, 
and associated with other forms too imperfect to be identified ; one of them 
resembling 6?. quadribrachiatuSy and another Q-. hryonoides. 



QRAPTOLITBS. 79 

EZPLAVATIOM OV flOUUB OF GbAFTOLITSUB BUCILIB, Hall. 

Platb II. 

1. A yery young indiyldoal of this speoieB^ 

2. An indiyidnal BoinewbAt more matured. 

8. An enlargement showing the form of the radiclej and the cells near their origin, 

with a non-celluliferoas space between. 
4. A fragment of a longer stipe, which is imperfect at both extremities. 
6. An enlargement of fig. 4. 

Formation and Locality. — Shales of the Quebec group ; three milejB 
above the riyer St. Anne. 



8. Graptowthus arcuatus, Hall. (n. s.) 

Plate II, figures 6-10. 

Description. — ^Frond consisting of two simple widely divergent stipes 
proceeding from a small radicle, and bent backwards or downwards, mak- 
ing on the upper side nearly or more than a right angle with the direction 
of this radicle, and then curved gently upwards ; presenting a broadly 
arcuate stipe gradually expanding in width from the base to the extremity, 
and celluliferous throughout its entire length. A single denticle, or 
similar process, appears above the rootlet. Radicle short, obtusely 
pointed. The stipe is from four to ton hundredths of an inch in width. 
The cellules reach nearly to the back of the stipe, leaving a narrow space 
to be occupied by the common body. Test extremely compressed in the 
specimens examined, and towards the extremity of the cellules almost 
transparent. The whole has a white or silvery lustre (probably due to 
iron pyrites), and no lines or striae are visible except those marking the 
separation of the cellules. 

Cellules narrow and very little expanded towards the aperture, about 
twenty in the space of an inch, slightly curving upwards, and inclined to 
the axis at an angle of about 30°, varying a little with the curvature and 
development of the stipe ; from throe and a half to four times as long as 
broad. Cell-apertures slightly curved, nearly vertical towards the poste- 
rior side and arching towards the anterior side. The apex of the denticle, 
or posterior side of the aperture, is vertically above the base of the third 
cellule in advance of it. 

In some specimens the radicle is broken off, and there is a process on 
Ae opposite side, ^ving the appearance of a radicle on the celluliferous 
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fflde of the specimen, as if the cellules had been turned downwards ; but 
this appearance is fallacious. In examples where the radicle is broken from 
the margin of the stipe, the question is suggested whether it may have been 
a quadribrachiate species ; but the pointed radicle in others is opposed 
to the supposition. In the specimens from which this description is drawn, 
there are several examples of two individuals lying with the oelluliferous 
margins nearly or quite in juxtaposition ; while the stipes crossing each 
other at a distant point may give an erroneous impression regarding their 
mode of growth. 

On a cursory examination of the specimens before us, this species is 
readily identified by the peculiar curving of the stipes ; differing in this 
respect from all the bibrachiate forms which have been observed. In the 
form of the denticles, or free portions of the cellules, this species approaches 
(?. patuluB ; but these parts are less mucronate, and the angle between the 
axis and the cellules in that species is much greater, and the cellules are 
narrower. The general form of stipe, except in its peculiar curvature, 
does not differ essentially from some others previously described ; but a 
comparison of the form of the cellules, their proportionate dimensions, and 
angle of inclination, will suffice to show its distinctive character. 

Explanations of Figures of Gbaptolithus abouatus, Hall. 

Platb II. 

6. A stipe of a small individual, more than nsuallj curved. 

7. A stipe having a process just above and opposite the radicle. 

8. A larger stipe, the cellules verj- clearly preserved. 

9. A specimen showing the stipes on both sides of the radicle, and preserving their 

peculiar curvature very perfectly. 

10. An enlargement of a portion of one of the stipes. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



9. Graptolithus extensus. Hall. 
Plate II, figures 11-16. 

(G. BXTBNsns, Hall: Geological Survey of Canada^ Report for \^b*l,page 132.) 

Description. — ^Frond consisting of two simple linear very slender 
stipes, which diverge at right angles to the direction of the minute radicle, 
and lie in the same plane. Stipe near the radicle one fiftieth of an inch 
in diameter, and at a distance of four inches from the radicle, one tenth of 
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an inch in diameter. Fragments of single stipes have been observed, 
having a length of six or seven inches, with a width not exceeding that given 
above. Surface usually smooth; the striae formed by the cell-partitions 
sometimes visible ; the back of the stipe somewhat thickened, and about 
one fourth of the width occupied by the common body. 

Cellules short and comparatively broad, very slightly curved ; about 
twenty-four in the space of an inch, and making with the axis an angle 
of about 40°. Margins of the aperture truncate, making an angle of 
98° with the axis : one third or more of the cellule is free ; and near the 
radicle, one half of the length of the cellule is free. The partitions are 
distinctly visible in well-preserved specimens ; but in most instances they 
are obscure. 

In this collection, the specimens are mostly upon weathered surfaces of 
the slate ; the substance is often partially removed, and no good impressions 
are preserved. This species is most nearly allied to Q-. similis, but is always 
more slender near the base : the serratures are more distinct in smaller 
stipes, and the angle of the cellules with the axis is much greater ; while the 
angle formed by the cell-aperture with the axis is much less than in that 
one. It differs equally from the allied European forms, in some respects 
approaching the G. Sagittarius as represented by Geinitz (Graptolithen, 
^te;, pV.' ii, fig. 4) ; but it has more the aspect of Q-. Nilssoni (fig. 17 
of same plate). It diflfers. essentially however from Q-, Nilssoni as repre- 
sented by Barrande (Graptolites de Bohdme, pi. ii, figs. 16 and 17), 
and from the figs. 19 and 31 of Geinitz, which our species never 
approaches in any stage of growth. In our specimens we see the con- 
nexion of the stipes with the radicle, and trace them continuously for four 
or five inches ; and in separated fragments, we have specimens six or seven 
inches long, None of these offer an approximation in variations of form 
and proportional distance of cellules, to those represented by Geinitz 
as different phases of G, Nilssoni, We may add, that if such differences 
exist in .the same species,, we jhavQ theix no means of fixing. the limits o^ 
specific variation, or Qf determining the. species among graptolites of thi^ 
character, from the separated fragments. . The comparatively large number 
of specimens in the Canadian collection affords good means of specific deter- 
mination 'for many of the forms ; and unless we could find upon the same 
dtipe, evidences of such' variation, we should hesitate tp consider the 
different varieties as one species. 

The (?. Nilssoni^ as figured by Harkness (Quart. Jour. Geol. Soc, vol. 
vii, p. 62, pi. i), differs from our species, and more nearly resembles the 
figures of Barrande. 
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EXPLANATIOXB OF FIQDRI8 OF GrAPTOLITHUB BZTBNBUB| Hall. 

Plati II. 

11. A single stipe more than four inches long, with the radicle and part of the 

opposite stipe. 

12. A fragment showing a part of the stipe on each side of the radicle, natural size. 

13. The radicle and adjacent cellules, enlarged from fig. 12. 

14. An enlargement of fig. 12 at a point about two inches from the radicle. 

16. A fragment of a stipe where the cellules are distended by iron pyrites. This 

fragment may belong to a different species. 
16. An enlargement from fig. 15. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



10. Graptolithus pennattjlus, Hall. (n. s.) 

Plate III, figures 1-8 ; and Plate V, figure 9. 

Description, — Frond consisting of trro stipes, which diverge rectangu- 
larly, or are more or less ascending from a small radicle. Stipes narrow 
at the base, gradually or rapidly increasing in width for about two thirds of 
their length. At the base they measure not more than three or four hun- 
dredths of an inch, and increase to one tenth of an inch in the narrower indi- 
viduals ; while the widest observed is three tenths of an inch at one third of 
the length from the base, beyond which point it is somewhat narrower. They 
are all more or less contracted towards the distal extremity, curved on the 
celluliferous side, and nearly straight on the back : the terminal cellules are 
developed in a line nearly parallel with the axis. The proportion of the 
stipe occupied by the common body is from one seventh to one fourth of 
the entire width. The test is apparently smooth ; that of the back of t^e 
stipe and partitions of the cells seems to be considerably thicker than the 
outer walls of the cellules. 

The cellules, when fully developed, are long, narrow, and curved up- 
wards, making an angle with the axis of from 30° to 45° in different in<Mr 
viduals at the base of the cellules, and as high as 70° on the outer part of - 
some of them ; while the average angle, taking a line from the base to the point 
of the cellule, is from 50° to 57°. The line of the aperture is curved : the 
pellicle forming the cell-walls extends along the posterior side of the cell- 
partition next in advance, the line of aperture making an angle with the 
axis of from 110° to 120° ; while the extremity of the denticle is 
mucronate. The fully-developed cellules have a length of eight times 
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&eir widlb ; and in the narrower stipes, the length of the cellule is 
about five times the width. There are from twenty-four to thirty-two 
cellules in the space of an inch: (the specimen having thirty-two in | 
an inch is a young individual, in which the cellules are more crowded, 
and not fully developed.) The apex of the denticle is vertically above 
the base of the fourth or fifth cellule in advance, varying in the narrower 
stipes to the third cellule in advance. 

This species diflfers from all the others described, except (7. Ufidus; 
and this it very much resembles in the yoimg individuals. There is an 
absence of pustules at the base of the cell-partitions, with a greater thick- 
^ung of these partitions, and the denticles are usually more mucronate. 
K uniformity in the divergence of the stipes can be relied upon, this char- 
acter will aid in distinguishing the species ; but this feature may vary from 
accident, as in one specimen figured, which appears to have been broken in 
one of the stipes. This species is remarkable for the great development 
in the width of the stipes, which, in their extremely compressed condition, 
have the appearance of feathers imbedded in the shale. 

The specimens from which these figures have been drawn, present the 
fossil in a very unsatisfactory condition ; and farther collections may show 
iiie necessity of separating some of the narrower forms under another 
specific designation. 

Explanations of Figubes of Gbaptolithus pennatulus, Hall. 

Plate III. 

1. A young specimen with the minute radiclcj the stipes diverging almost horizon- 

tally, or rectangularly to the radicle. 

2. A young specimen with one stipe entire, and a part of the other, less divergent 

than fig. 1. 

3. A single imperfect stipe of a young or half-grown indiyidual, which is narrower 

than usual. 

4. A larger stipe, which is entire from the base to the apex. 

5. A large or full-grown single stipe, which is nearly entire. 

6. An enlargement to three diameters from fig. 4, showing the form and proportion 

of the cellules, and cell-denticles. 
Y. An enlargement to the same degree as the preceding, from fig. 5. 

8. A young specimen where the stipes are twisted near the base, giving an appearance 

as if the serrations were on the outer or lower side in relation to the direction 
of the lUdicle. 

Plate V. 

9. A single stipe of this species 7 The specimen is a large stipe, somewhat obscurely 

preserved upon the surface of a slab of slate, with G, extensus^ G. brywt' 
oideSj and Phyllograptus Uicifolius. It is from the same locality with 
G, bifidus at Point L^vis. In the form of the stipe, and its £p:adual diminu- 
tion towards the distal extremity, as well as in the absence of visible pus- 
tules at the base of the cellules, it has the habit of G. pennatulus. Being 
the only individual observed from this locality, and the resemblance to 
G. bifidus being very close, I have referred it with much hesitation to 
G, pennatulut. 



84 CANADIAN FOSSILS. 

Formation and Localities, — Shales of the Quebec group ; three mileA 
above river St. Anne, and at Point L^vis. 



11. Graptolithus bryonoides,* Hall. 
Plate IV, figures 1-11 ; PI. m, figs. 11, 12 (?) ; PL VI, fig. 4 (?). 

(G. BEY0N0IDE8, Hall : Geological Survey of Canada^ Report for 1857, page 126. Fucaides 
terra, Brongniart, Vigitaux FostileSf toI. i, page 71, 1828.) 

Description. — ^Frond consisting of four simple stipes, united in pairs at 
iheb bases, and connected by a short funicle of variable length, from the, 
centre of which proceeds a minute pointed radicle. The stipes diverge at 
various angles (dependent probably on distortion from pressure) ; narrow 
at their origin, and abruptly expanding above, they acquire their full width 
within the distance of three or four cellules, and maintain the same through- 
out their length to nearvthe distal extremity, whieh is somewhat abruptly 
rounded and occupied by the partially-developed cellules." The fuU width 
of the stipes in young individuals is often not more than one twelfth of an 
inch, and in mature specimens about one seventh of an inch; the base 
having a diameter of not more than two or three hundredths of an inch. 
The common body occupies a very narrow space, and the solid axis is strongly 
defined in the flattened specimens. The substance of the stipe or pellicle 
is quite thin and apparently smooth, the only markings visible being the 
oblique strise made by the cell-partitions. ^ 

Cellules elongate, of medium width, somewhat curved, and in the fully- 
developed condition about four times as long as wide, making an ,angle 
of from 40° to 50° with the axis ; free for about one fourth of their length ; 
about from twenty to twenty-four in the space of an inch, varying in diflfer- 
ent individuals and in different stages of growth. Aperture curved, 
making an angle of about 110° with the axis ; the cell-denticles pointed, 



♦ I have little doubt that this species is identical with Fucoidet serra of Brongniart 
(V^g.-Fossiles, p.jTO, 1828). The locality of that species is ^^Pointe Leviprit Quebtc" 
which is the same wkh that of G. bryOTioides : and the figures. of Brongniart correspond 
with figs. 9 and 10 of plate 4 of this memoir. The Ftccoides dentatus of the same 
author is also probably identical with G. pristiniformis of. this memoir, being from the 
same locality. It is only since these descriptions have been in print, and published 
references made to them, that I have discovered this identity, or I would have pro- 
posed to substitute the specific names of Brongniart for those given by me in 1857. 
I take the first opportunity of making the correctipn. 
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and slightly cxirved forward: cell-partitions usually well marked, and 
near the base, making a much less angle with the axis than towards the 
aperture. 

When the funicle is broken, this species sometimes occurs like the bi- 
brachiate forms, as in fig. 5 of plate iv, and in that condition bears some 
resemblance to Q: nitiduB ; but its stipes are wider, its habit more robust, 
the cellules more curved, making a greater angle with the axis ; the den- 
ticles coarser and more equilateral, and usually mucronate or sub-mucro- 
nate. No pustules at the base of the cell-partitions, as in 6!^. nitidus, 
have been observed in this species. There is also a resemblance between 
Gf-. patuluB and this species ; but in that one the stipes are usually more 
slender, the denticles more mucronate, the curve of the aperture much 
greater, and the cells make a much greater angle with the axis. 

This species is associated in the same shales witli Q: nitidus^ Q-. exten- 
9U8y 0: constrictus, and PhyllograptuB ilicifolms. I have united with 
this species the specimen represented in figs. 9 and 10, of plate iv, though 
ft presents variations in some of its characters. A small portion of one of the 
stipes near the base of this shows a number of cellules or serratures equal 
to twenty-6ix in the space of an inch. Its affinities are more nearly with 
Q-, brj/anoides than with any other ; and having but this individual, I refer 
it for tiie present to that species. 

Explanations of Figures of Gbaptolithus bbyonoidbs, Hall. 

Plath IV. 

ly 2f 3. Tonng individuals of this species. 

4. An older iadividual. 

6. A young specimen preserving two of the stipes, the fanicle having been broken. 

6. An enlargement from fig. 1, showing the radicle, fanicle, and origin of the four 

stipes, with a few of the earlier cellnles. 
T. An older and larger specimen. 
8 An enlargement showing the character and proportions of the cellules. 

9. A small individual, preserving the four stipes in part, which are somewhat more 

slender than the usual forms of this species. 

10. An enlargement of the base of the specimen, showing the cell-denticles on one 

of the stipes, and a proportionally longer funicle than in fig. 8. 

11. An extremely elongated stipe, the lower end showing the commencement of 

growth ] the distal extremity is broken. 

Plate III. 

11. A fragment of a stipe from the rough shales, with Phyllograptus ilicifolius. In the 

character of the cell-denticles it resembles the specimen pi. iv, fig. 9, and 
with that one may constitute a distinct species. 

12. An enlargement of a part of the specimen fig. 11. 

P 
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Plati VI. 

4. A frond in which three of the stipes, and the base of the fourth, are preserved. The 
specimen shows some peculiarity in the nnion of the parts bj the slender 
funicle. 

Formation and Localities, — Shales of the Quebec group ; Pomt L^vis, 
Gr6s Maule, and river St. Anne. 



12. Graptolithus Bigsbyi, Hall. 
Plate XVI, figures 22-30. 

(Phtllooraptub siuilib, Hall : Geological Survey of Canada, Report for 1857, page 140. 
Compare Ditlymograptui caduceui, Salter : Q^arterly Journal of the OeoL Society^ 
vol. ix, p. 87.) 

Description. — ^Frond broadly oval or sub-oval, consisting of four some- 
what semi-elliptical stipes, which are nearly straight or slightly curved on 
the non-celluliferous margin, and broadly curved on the celluliferous side ; 
all closely united at the base in a radicle (?), and from which they are 
abruptly recurved. These stipes are more frequently distinct at the 
apex, while in some individuals they are in contact or apparently 
united at that point, but always separated in ihe centre for a dis- 
tance of three fourths their length. Entire length of specimens from 
four to six tenths of an inch, and width three tenths of a>n inch, exclu- 
sive of the denticles. The individual stipes, in the centre of their length, 
are twelve hundredths of an inch wide. Radicle undetermined. Cellules 
from thirty-two to thirty-six in the space of an inch, narrow at the base, 
gradually ascending and curving outwards, except those near the base, 
which are recurved : cell-margins curved, and extended in mucronate points, 
which are the continuation of the cell-partitions. Test thin and smooth, 
with the exception of the cell-partitions. 

This species presents a great variety of aspects, and the most critical 
examination has left some doubt as to its original mode of growth. The 
more perfect specimens are broadly oval, the diameters about as three to 
four ; and where the stipes are apparently conjoined, at the two extremi- 
ties, there is a vacant space in the centre (extending about three fourths of 
the length, and frt)m six to eight hundredths of an inch in width), except 
that some portions of one or both ^e other stipes are visible. In one or 
two individuals, there is a linear body extending longitudinally through this 
space, which may have been originally the axis ; but its relations cannot 
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be determined. Examinations have failed to exhibit any satisfactory 
evidences of tilie existence of a radicle. In most of the specimens the 
stipes are united at one extremity and &ee at the other ; while their curva- 
ture is such, that if continued, they would meet. In these specimens the 
four stipes are often distinctly seen, two usually showing the non-celluli- 
ferous margins ; while sometimes three, and rarely the four stipes show the 
celluliferous margins. 

The individuals are extremely numerous, but in ahnost all instances the 
characters are more or less obscured by the stipes being slightly separated 
by intervening laminae of slate, or by the weathering of the surface. On 
a single piece of slate of about a foot long by six inches wide, there are 
more than one hundred individuals ; but nearly all of these are so obscured 
by weathering, that they afford littie means of determining the characters or 
mode of growth. In the whole collection, there are not more than one or 
two species of which the individuals are more numerous than of this, and 
in no other are the characters so indistinct. 

From the deep curving cellules and broad stipes, which are often appa- 
rentiy conjoined at the apex, I have supposed that they may, at some period 
of growth, have been joined along the non-celluliferous side for the entire 
length. On this account, I had originally referred the species to the 
genus PhyllograptiLB. 

In some of the specimens, where two of the stipes are spreading, and 
show the celluliferous margins, the non-celluliferous face of a third stipe 
often stands vertically between them, like a stem. These forms resemble 
the QraptolithvA caducevs of Salter, which was obtained by Dr. Bigsby 
from " the Lauzon Precipice,"* and I have hesitated in regard to making 
of these a new species. The name of Phyllograptus similis was applied to 
such forms as figs. 26, 29, and 30 ; but when it became apparent that all the 
other varieties of form must be referred to the same, it was necessary to 
remove it from that genus ; and since I had already named another spe- 
cies OraptoKthiLS aimilis, 1 take great pleasure in dedicating this to Dr. 
J. J. Bigsby, who early explored the geology of the northern portion of 
our continent, and who, in later years, has never ceased to interest himself 
in American geology, and to aid in its progress. 

Explanations of Fioubes of Gbaptolithus Bigsbti, HaH. 

Platb XVI. 

22, 23, and 24 illustrate a common condition of this species, where two of the 
dirisions show the lateral faces, while the non-celluliferous edge of a 

* This locality is probably the same with that which has furnished the greater part 
of the c^ptolites here described *, the precipitous heights of Point L^vis being in the 
seigniory of Laozon. 
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third division is seen lying nearly yertieally in relation to these. The 
fourth division has been broken off in the separated film of slate. 

25. A specimen showing the lateral faces of two divisions. Below these, in the 

shale, are seen the non-cellnliferoos edges of the two other divisions. 
29 and 30 show a still closer arrangement of the parte, and the oontignitj of 
the non-cellaliferous edges at the apices, which are searoeljr perceptibly 
separated in the shale. 

26. An individual where the apices of the divisions are in contact, either conjoined, 

or accidentally so placed, with a narrow space in the centre. In obseoFe 
specimens it is difficult to separate snch forms from Pk$Uograptu8, 

27. An individual where the divisions are equally spreading : one of them preserv- 

ing only the base of the stipe. 

28. The same enlarged. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



13. Graptouthus denticulatus, Hall. 
Plate IV, figures 12-16. 

(G. DiNTiouLATUB : Geologicol Survey of Canada^ Report for 1867, page 132.) 

Description. — ^Frond consisting of four simple stipes proceeding from a 
simple radicle. Stipes slightly ascending at their ori^, but immediately 
and strongly recurved, again bending gently upwards from the middle to- 
wards the extremities ; slender at the origin, and gradually e^anding to a 
width of from nine to twelve hundredths of an inch (exclusive of the den- 
ticles), which it almost uniformly maintains. Substaaice of the stipe e]^ 
tremely thin, and marked on each margin by a linear filiform ridge, like the 
ordinary solid axes of these bodies. In the impressions left on the removal 
of the substance, each margin shows a continuous filiform groove in tiie 
place of the thickened or solid mar^ of the stipe ; the groove on flie 
cefluliferous or denticulate side being much stronger than that on the back 
of the stipe. Surface apparently smooth throughout. Cellules consisting 
of small mucronate equilateral denticles, placed vertically on the margin 
of the stipe, and rising immediately from the thickened solid 'edge : den- 
ticles spreading below, slightly curving, and united at their bases by a thin 
pellicle ; varying in their distance on difierent parts of the stipe, and 
apparently in difiFerent stages of growth ; sometimes tweniy-four in the space 
of an inch, neaj* their origin, while elsewhere the average number is from 
eighteen to twenty ; the lower number marking the strongest stipes measured. 

This species is very peculiar, difiering not only from the associated 
species, but- from aU others m the arrangement of its denticles. 
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The specimen ori^nally described under this name is a fragment (pi. iv, 
fig. 14), consisting mainly of an imprint in the shale, the substance 
of the fossil being preserved in some parts. The solid axis on the 
denticulate margin is clearly defined in the impression, and in some 
places the substance remains, and is expanded at each denticle on the upper 
side so as to occupy the base of each depression. The cellules terminate 
in so minute a point that no aperture is visible ; but in a longitudinal divi- 
aon of some of them, they appear to have been hollow tubes. The back of 
the stipe is clearly marked (as is usual in the graptolites) by the presence 
of a distinct solid axis, which in no respect differs from the ridge on the 
opposite margin, except that the latter extends into the base of the cellules. 
A further study of the collection has shown tibat some obscure imprints 
in weathered shale are of the same species. These imprints, at a few points, 
retain portions of the pellicle, and the form of the cellules is well preserved ; 
they reveal moreover the mode of growth, as shown in figs. 12 and 13 
of pi. iv ; thus indicating their relation in this respect to Q-. bryonozdes 
and6i^. qiiadribracMatu8, The recurved position of the stipes is a feature 
et Q-, bryonoides, but less extreme than in this one. This species may be 
readily identified by the pointed cellules, vertical to the axis, which appear 
to be entirely separated from the common body, except in well-preserved 
portions, where m a fow examples they are shown to be connected at the 
base by a continuation of tiie cell-wall above the solid axis. 



JiXPL^XAfK^ or FiGUBBS OF 6BAPT0|.ITai78 DIKnOULATUS, Hall. 

Plate IV. 

t2. A Bmatlf imperii specimeo, preserving three of the stipes. 

13. A larger 941^ more nearly entire specimen^ showing the four stipes. Their junction 

at ih^ ba^e is not quite satisfactorily shown. 

14. A part of a single stipe, in which the cellules are well shown on one part ; while 

they are compressed and nearly obliterated on the left of the curve. 

15. An impresflsi^n of a jmrt of a stipe which is nearly straight ; the imprint of the 

axes, or thiake^ed margins is not defined. 
1.6. An enlargemenjb from figure 14, showing the form of the ceU-den tides, and the 
strong marginal axes ; one portion represented with the substance remaining, 
and the other as an imprint. 

Formatim. cmd ii(?(?a^%.— Shales of the Quebec group ; Point L^vis. 
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14. Graptolithus fruticosus, Hall. 
Plate V, figures 6-8 ; and Plate VI, figures 1-8. 

(G. FRDTI0O8D8 : Ckologicol SuTvty of Canada^ Report for 1857, page 128.) 

Description. — ^Frond consisting of two pairs of ascending and slightly 
curved stipes arising from the two sides of a long slender radicle, which is 
divided above : the stipes are celluliferous on the inner or adjacent mar- 
gins, little divergent at the bifurcation, and continuing for a half or two 
thirds of their length nearly straight ; above this they curve gently outwards, 
presenting, when not distorted, a very beautiful and symmetrical form. The 
stipes gradually increase in width from their origin, being at the base one 
fiftieth of an inch, and in the widest part one twelfth, of an inch, exclusive 
of the denticle. The proportion of the stipe occupied by the common body 
is ej^tremely narrow. 

Surface smooth, or with scarcely visible striae at the lines of the cell- 
partitions: axis very slender ; test thin and fragile. Radicle half an inch 
in length. Cellules short and broad, making an angle with the axis of 
about 38°; the length from two to three times the diameter, and free from 
a third to a half of the entire length, according to their development ; 
variably curving in difierent parts of the stipe. Aperture wide, apex pointed, 
scarcely mucronate, and sometimes acutely rounded. About fifteen cellules 
in the space of an inch, varyingslightly in diflferent parts of the stipe: near 
the base the serrature or length of the denticle is equal to the width of the 
stipe, while in the wider portions it is less than half the width of the stipe. 

This species, in all the examples that have been observed, is a very 
distinct and easily recognized form. Wherever the radicle is preserved, 
it is longer than in any of the other species : this part bifurcates above, 
and the divisions, moderately diverging, represent what I have termed the 
funicle in the quadribrachiate forms ; from each extremity of this, the 
stipes originate. All the divisions are little divergent, and the frond grows 
upwards like a small shrub. The form of the cellules differs from other 
species here described, except perhaps (?. indentus, which is readily di&- 
tinguished in its mode of growth, as well as by other characteristics. 

Explanations of Fioubsb of Gbaptolithus fruticosus, Hall. 

Plate V. 

6. A small indiyidaal with the radicle and extremities of the stipes broken off. 

7. An enlargement from fig. 6. The serratares are either imperfect or shrunken, 

and do not present the characters seen in better-preserved specimens. 

8. An individual nearly entire, but badly preserved in the outline of its parts. 
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Plati VI. 

1. A fragment showing two of the stipes entire, and the bases of two others ; the 

radicle extending to the margin of the specimen. 

2. A specimen preserving three of the stipes, one of them entire, and showing some 

irregularities in the bifarcation where the one is broken off. 

3. An enlargement of the right-hand stipe of the specimen fig. 1. 

Formation and Localities. — Shales of the Quebec group ; at the upper 
end of Orleans Island, and three miles above river St. Anne. 



15. Graptolithus quadribrachiatus, Hall. 
Plate V, figures 1-5 ; and Plate VI, figures 5, 6. 

(G. QUADRXBEAOHiATUS, Hall I Geologtcol Survey of Canada, Report for 1857, page 125.) 

Description. — ^Frond composed of four simple undivided stipes arranged 
bilaterally, or two proceeding from each extremiiy of the funicle. Stipes 
slender, very gradually increasing in width from their origin, as far as traced ; 
usually straight, sometimes slightly curved ; width from two to four him- 
dredths of an inch at the base, and in the most perfect examples, nine 
hundredths of an inch at the widest part. The back of the stipe is marked 
by a filiform axis, and there is scarcely more space occupied by the common 
body. Test thin, though well preserved in the finer shales. Surface of 
cell-walls distinctly striated parallel to the apertures, and the cell-partitions 
visible nearly to the back of the stipe. 

Cellules narrow, scarcely curving, and slightly expanding towards the 
aperture, making an angle with the axis of about 38° ; the length equal 
to about four diameters, the free portion being from one third to two 
fifths their entire length. The margin of the aperture is nearly straight, 
or very slightly curved, making an angle of from 95° to 100° with the 
axis. The number of cellules in the space of an inch is from twenty-two to 
tweniy-four, dependent on the distance from the origin of the stipe, and on the 
degree of development. The apex of the denticle, or posterior point of the 
aperture, is a little below the base of the second cellule in advance. Cell- 
partitions thin, and usually not well preserved. 

This species, when entire, is readily distinguished from G. bryonoides 
by its straight and more slender branches, and by the general aspect and 
expression of the fossil ; it has only a remote similarity with the other 
quadribrachiate forms. In separated or double stipes it bears some 
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resemblance to G-. areuatus^ except that it is less curved, and the form of 
the cellules is distinctive. From the other bibrachiate forms, it is very 
readily distinguished on comparing the form of the cellules. 

I had heretofore regarded this species as possessing a disc, like O: 
crucifer and others ; but on examination of all the specimen^ which can 
be satisfactorily identified with it, not one has shown a disc. The discs with 
four stipes, which are broken off so close that no serratures are visible, 
cannot be satisfisu^torily identified with this or any other species, and are 
therefore lefb in doubt at this time. They may be regarded as belonging 
to Gl: crucifer J or to the young of Q-. Headi. 



EzPLAVATiOHB Of FiouBis Of Graptolithus quadribbaohiatus, HaU. 

Plati v. 

1. A largo specimen with stipes yerticallj compressed. 

2. A yoang specimen in which one of the stipes appears to be subdivided. 

8. An individaal with stipes a little curved; the back of the stipe visible, and showing 

no serratures. 
4. A frond with one of the stipes broken off; one showing the cellules and distinct 

strias parallel to the cell-partitions, while the other two are turned so as to 

obscure the cellules. 
6. An enlargement from fig. 1 : the stipe has been vertically compressed, causing 

the cellules to show a less angle with the stipe than in the normal conditioitr 

Plati YI. 

6. A frond preserving one stipe partially entire, and others broken off: the funicle 

and radicle-point are well preserved. 
6. An enlargement tt^m the specimen fig. 5, showing the form and proportion of 

cellules in their more perfect preservationi with tl^e striae paraUel to the celli* 

margins well preserved. 

Formation and Localiiy. — Shales of the Quebec group ; Pomt L^vis. 



16. Geaptouthus cbucifbe, Hall. 
Plate y, figure 10. 

(G. OBUOiTEB : Geological Survey of Canada^ Report for 1857, page 125.) 

Description. — ^Erond composed of four simple, strong stipes, united ab 
their base by a small thickened disc. Stipes strong at ihe base ; the two 
pairs connected bj a E^iort funicle, which is without a visible radicIOf 
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33ie spe^en lies with iiie qeUiiliferous face downwards, and the stipes 
near their origin paresent only the back, which shows them to be strong, 
and of considerable substance, and measuring at that pcunt five hundredths 
pf an inch in width. Extending &om the disc, the stipes are gradually 
turned on one side, and in their greatest width measure seventeen hun- 
dredths of an inch in diameter, including tihie denticles. Oell-denticles 
$ab-mucronate, rising above the margin ahnost vertically; about tweni^- 
^0 in the space of an inch. 

This species preserves the general form of Q: qttadrihrachiatua ; but 
is more robust, and the stipes are united in a central disc. The specimen 
is upon a weathered surface, and very obscure ; the characters being 
drawn from the general form and proportions. The cell-denticles are 
visible on a part of three of the stipes, but we are unable to trace the 
direction or existence of any cell-partitions. The denticles in their 
prominence resemble those of Q-. denticulate ; and broad stipes of G-, 
hijiduB have likemse some analogy with this species j but as our only 
specimen is imperfect, no minute comparisons can be made. It is a 
smaller species than (?. Headi, but with a comparatively broader stipe, 
and more erect cell-deniicles. In Gf-. crucifer the disc is quadrilateral, 
with concave sides, and is somewhat oblong ; while in Ci. Headi the disc 
is larger and essentially square, the margins being very nearly straight. 

In the specimen described, the disc is without markings, as are also some 
other discs which may belong to this species ; while a single specimen 
shows concentric str^ parallel to th^. mar^ns« 

Explanations ov Fioubbs of Gbaptouthus cruoifeb, Hall. 

Plate V. 

10. View of the specimen from which the description is drawn. 
13. The diac of a young individual probably of this species. 

^ormaJfAm and Locality. — Shales of the Quebec group ; Point L^vis. 



17. Graptolithus alatus, HaB. 
Plate VI, %ire 9p 

(G. ALATU8 : Otohgical Survey of Canada, Report for 1857, page 127.) 

Description, — ^Prond consisting of four stipes (probabty rfmple) ; their 
bases united in a thickened disc, the central portion of whu;h is about seven 

tenths of an inch in es^nt, and uniting to the stipoa oontiaues along th^ 
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margins for an inch and a quarter, giving an extremely alate appearance. 
Stipes strong, angular on the back or non-celluliferous margin: test 
ihick : cellules unknown. 

The only specimen known consists of the disc and parts of three of the 
stipes ; the longest one extending a little beyond the limits of the disc, or 
so far that the alation produced by the disc is not distinguishable. The 
lower or non-celluliferous side is presented to view, and we know nothing 
of the extension of the stipes, nor of the cellules. It is probably one of 
the simple-stiped species, and of rare occurrence, since no other specimens 
are known which can be identified with it. 



EzPLAVATioN Of FiGUBB ov Gbaptolithxtb alatub, Hall. 

Plati VI. 

9. The specimen represented as it occurs on a fragment of slate. The back of the 
stipes shows faint indentations, but the/ are made too strong in the 
engraving. 

Formation and Locality, — ^Limestone of the Quebec group ; Point 
L^vis. 



18. Graptolithus Hbadi, Hall. 
Plat^ VI, figure 8. 

(G. Hbadi, Hall : Geological Survey of Canada^ Report for 1857, page 127.) 

Description. — Frond robust, four-stiped ; the stipes in pairs, joined by 
a short funicle at the base, and united in a broad thickened quadran- 
gular disc. Stipes strong, somewhat alate near the base from the exten- 
sion of the substance of the disc for a short distance along their margins, 
extremely elongate, and extending in a nearly direct line towards their 
extremities ; celluliferous on one side. The width in a transverse direc- 
tion, at the junction with the disc, is six hundredths of an inch ; and in 
the widest portion, fourteen hundredths of an inch. Disc quadrangular, 
nearly square, slightly extended along the stipes, with straight margins in 
the spaces between ; measuring in the specimen examined, one inch and 
one eighth in each diameter across the centre. 

Cellules elongate, distinctly curved, making with the axis an angle of 
about 50** ; length four or from four to five times the diameter at the 
aperture : denticles sub-mucronate, sub-erect, about twenty-four in the 
space of an inch. The margin of the aperture is apparently curved ; its 
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angle with the axis cannot be satisfactorily determined from the specimen. 
Cell-partitions strong. 

The specimen firom which this description is drawn, consists of the disc 
and a part of two stipes, the other two being broken off just beyond the 
disc ; one of the stipes measures nearly seven inches from the centre. 
When tibe disc is preserved, this species can be readily distinguished. Sepa- 
ated stipes bear a near resemblance to Q-. bryonoides ; but the abrupt, 
narrowing at the base of the stipes, and the shorter denticles, character- 
ize 0: bryonoides. In the specimen described, we have little more than 
an impression of the stipe, and this is in a coarse material ; so that there still 
remains some obscurity regarding the surface of the test, and the exact 
form of the cellules and their apertures. 

EXPLANATIOH OF FlGURB OV GbAPTOLXTHUS HlAOI, Hall. 

Platb VI. 

8. A representation of the specimen of the natural size, and as it occurs on the 
surface of the stone. (The upper separated portion of the stipe is placed 
a little lower in the figure than it is on the stone, in order to bring it 
within the dimensions of the plate.) 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



19. Graptolithts octonarius. Hall. 
Plate X, figures 1, 2. 

(G. OCTONARIUS, Hall : Geological Survey of Canada^ Report for 1857, page 124.) 

Description. — ^Frond consisting of eight stipes uniting in pairs at the 
base, and each pair again united in a similar manner, making one half the 
frond ; the two parts are jomed by a funicle, in the centre of which is a small 
rootiet. The two sides are equal and symmetrical, giving a bilateral arrang- 
ment to the whole. Stipes narrow and rounded at the base, having a diam- 
eter of from two to four hundredths of an inch below the bifurcations ; in the 
figured specimen, at a distance of from one half to three fourths of an 
inch from the base, they are eleven hundredths of an inch wide. 

Solid axis distinct, the common body occupying a very small proportion 
of the whole width. Cellules elongate, distinctly curved, expandmg ; making 
an angle of from 30° to 35° with the axis ; the aperture is twice as wide aa 
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the base ; the free portion is a UtAe more than one third of the entire 
length. Margin of aperture slightly curved in the mature cell, and more 
distinctly in the young, making in the former an angle of 120° with the 
axis. The denticles are pwnted, scarcely sub-mucronate, twenty-four in 
the space of an inch. OeQ-partitions strongly marked, the line of sepa- 
ration extending nearly to the back of the stipe. 

In this species the stipes resemble those of (?. brt/onoides in their width, 
form, and proportion of cellules and cell-denticles ; but the number of 
stipes in entire specimens is a characteristic feature. In single stipes or 
in pairs of &. octonarius, there is, as shown in the figures, a longer space 
at the base without cellules, and in the double or quadruple stipes the diffeiv 
ence of character is obvious. In the union of the two stipes in 0; bryonoideSj 
the funicle proceeds from the back of the stipes, or the non-celluliferous 
side ; while in tjbe union of two stipes in G. actonariri^y the continuation below, 
uniting with the adjacent pair, is not from the back of the stipes alone, but 
the two appear to be united laterally and diverge at a different angle ; as 
will be seen on comparing the figures of the two species. Fragments of 
(?. patulua bear some resemblance to this speqies, but a comparison shows 
important differ^ces. 

Explanations of Figurbs of Gbaptolithus octonarius, Hall. 

Plate X. 

1. A specimen of natural size, much broken and distorted from pressure. 

2. An enlargement from the precedwg igure. 

Formation and Locality. — Shales of the Quebec group ; Gr8s Maule. 



20. Graptolithus octobrachiatus, Hall. 
Plate Vn, figures 1-7 ; mi Plate YUI^ figures 1-4. 

(G. OCTOBRAOHIATUB, Hall : Geological Survey of Canada, Report for 1857, page 122.) 

Ihscription. — ^Prond conststmg of eight simple stipes, which are united 
m pairs at their bases: Ihese have their ori^ from a short funicle, 
irtiieh proceeds from a radicle in the centre. Each extremity of the funicle 
is divided, and Hiese divisions are again bifurcafced, ^ving origin to the 
lour stipes on each side, -which are thus bilaterally arranged. The fbnicle 
H&d bases of the stipes are united in a broad iMckened disc, composed of 
the same substance as the o&er parts of the fossil : dkie octagooat^ ibib 
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sides oonloaye between the stipes, and the angles extended upon the mwt- 
ffn of the stipes. Stipes robust, equal, Imear, elongate, proceeding in 
li^t lines &om the centre. 

Witiiin the disc or near it the stipes measure five hundredths of an 
inch in width ; and beyond this the widths including the serrature, is thir* 
teen hundredths of an inch. Test thick: the common body occupies 
sometimes about one tiiird of the entire width. Cellules long, strongly 
curved, the breadth at the aperture three or four times as great as at the 
base ; lengtii a little more than three times the width at the aperture ; 
makmg an an^e with the axis of 20^ near the base of the cell, and from 
52^ to 55^ near the aperture. Margin of the aperture nearly straight, 
maldng an angle with the axis of 105^ ; and sometimes, when compressed^ 
still greater. Denticles obtuse, about nineteen or twenty in the space of 
an inch. 

This species is remarkable for its extremely elongate stipes and strong 
central disc. Some of the largest individuals, with the stipes expanded, 
have extended over an area of at least sixteen inches in diameter. The 
stipes are extremely robust, and in their original state appear to have 
been quadrangular; the measurement across the back of the stipe, when 
flattened, being seven ninths as great as the lateral measurement of the 
flattened stipe below the cell-denticles. The size of the stipes is not 
greater than in (7. Headi; but these have a more rigid aspect, and are 
readily distinguishable when the cellules or cell-denticles can be seen. 

All the specimens, with one exception, present the exterior or non-cel- 
luliferous side at the base ; the disc and stipes adhering to the stone on the 
celluliferous face; so that it is only towards the extremities of the 
branches, where they are turned on one side, that the full width or form of 
the cellules can be seen. An impression of a short fragment of the cellulifer- 
ous surface of one of the stipes shows strong deep indentations. The cel- 
lules vary but littie in their distance or approximation, from seventeen to 
twenty in the space of an inch being the extremes of variation observed. 
The disc is not uniform in its proportions, nor regular in form, nor does it 
always appear to bear the same proportion to the strength of the stipes ; it 
has sometimes a very symmetrical octagonal form : its substance is often con- 
siderably thickened and striated parallel to the margins, which are thinner, 
attenuating from the centre. The cellules are subject to variation from 
the direction in which the stipes have been compressed, and in this respect 
show a greater variety of appearances than any other species in the col- 
lection. 

This species exhibits some diflferences in its mode of growth, and the num- 
ber of stipes is not invariable. One specimen presents but seven stipes ; the 
centre, frmicle, smd divisions on one side being of the normal character, 
while on the other, one division of the funicle does not bifurcate, but 
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continues as a single stipe, giving seven as the entire number of stipes, 
with a small seven-sided disc. In another individual we have five stipes only ; 
the funicle and disc exist as in the others, but the subdivisions have taken 
place only on one side^ while on the opposite the stipe continues simple. 
The presence or absence of the central disc, however, cannot be relied upon 
for specific or other distinction, since both in this species and G-. Logani 
we have specimens of the same species, preserving their, characters in aJl 
respects, except the disc. In the specimen fig. 2, plate viii, we have the 
central portion of an individual in which there is no evidence of the disc 
having existed. In its form and mode of division it corresponds in all 
respects with those specimens possessing the discs ; and as it occurs in the 
same association, we cannot suppose it otherwise difierent. 

In its long linear stipes, this species resembles G-, Sagittarius (Hall, 
Pal. New York, vol. i, plate 74, fig. 1 ; perhaps not the European spe- 
cies of that name) ; but the branches are stronger and the serrations 
coarser ; it is moreover associated with a group of species, all of which are 
quite distinct from the New-York species with which (?. Sagittarius occurs. 



E2U>LANATI0NB Of FlQUBlS OF GbAPTOLITHUS OOTOBRAOHIATUB, HaU. 

Plate VII. 

1. A large individual preserving two of the stipes to the length of eight inches, and 

another to nearly the same extent, while the rest are broken off at less 
distances from the disc. The flexibility of their substance is well shown in 
the recurved stipe at the left-hand side of the figures. Although this speci- 
men preserves the most extended stipes of any in the collection, the disc 
is smaller than in several of the other specimens. 

2. The exterior of a large disc of this species, with the stipes broken off a little 

beyond its margin. The two longer portions are so turned as to show the 
cellules. 

3. A portion of a large disc, showing the exterior or non-celluliferous face of the 

frond, and preserving portions of four of the stipes. 

4. A frond with the stipes broken off at different distances from the centre. The 

substance of the disc or cup is imperfect, — a condition which apparently 
existed while the body was in a living state. 

5. An enlargement from one of the stipes at c, looking upon the apertures of the 

cellules, which are somewhat compressed. 

6. An enlargement from the same at 6, where the substance is laterally compressed. 

7. An enlargement from the same, where the substance is obliquely compressed at a. 

Figs. 6 & 7 are taken from casts made in the impressions left by removal of the sub- 
stance of the graptolite. 

Plath viii. 

1. A symmetrical frond preserving parts of all the stipes, two of them apparently 

almost entire ; several of them had been abruptly bent before being im- 
bedded in the stone. 

2. A frond preserving eight stipes, but without a disc. The specimen does not afford 

any evidence that a disc has ever existed. 
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8. A frond with small disc and somewhat slender stipes. One side preserves the 
usual character of four stipes, while the other has but three. 

4. . A frond which is abnormallj developed ; one side preserving the four stipes with 
the disc, while on the other side the funicle is apparently extended in a single 
stipe only. 

Farmatum and Locality. — Shales of the Quebec group ; Pomt L^vis. 

The Q-* Logani is the only species with numerous unbranched stipes 
which we know of at this time in the Quebec group. All the other species 
with more than eight stipes, have them branched beyond the commence- 
ment of the cellules. In the Hudson River formation, however, we have 
a angle analogous species, the Q-. multifasciatiLs. In that one the stipes 
are forty or more in number, and are apparently simpler after they 
become celluliferous. 



In the progress of development of the graptolites of this iype, we have 
traced them through the two, four, and eightnstiped forms. Those with 
two stipes have never shown the cup or disc ; while some of the latter 
two forms have discs, and others apparently never possessed this appen- 
dage. The subdivision into stipes appears to go on by a regular duplication 
of the parts ; and the stipes in perfect forms are bilaterally arranged, 
beginning with those having two ; which proceed^ one on each side, from a 
rootlet. With the exception of O-.JruticosuSy the four-stiped forms origi- 
nate firom a minute radicle ; while on each side of this centre, the body 
extends a short distfmce in the funicle, which is not celluliferous ; and then 
subdivides equally, no cellules occurring below the division. In the next 
form, the funicle is divided at each extremity as before, and again divided 
or bifurcated below the origin of any cellules. Were this mode of sub- 
division to continue, the next step in the development would ^ve us sixteen 
stipes ; but we have no form of this kind in the collections. 

In the next form, with simple stipes, we find the 0; Logani^ which pre- 
sents a wide variation in the number of stipes ; so varied indeed that the 
two extremes might, if examined separately and without the intermediate 
forms, be regarded as two distinct species. The variation in the number of 
stipes m this species extends from eighteen to twenty-five : some divisions 
of the funicle are equally, and others unequally developed in the number 
of stipes which proceed therefrom. 
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21. Oraptolxthus Looani, HaD. 
Plate IX, figures 1-9 ; and Plate XI, figure 7. 

(G. LO«AHi : Oeologieal Survey of CwMda^ Report for 1857, page 116.) 

Description. — ^Frond composed of numerous slender nmple stipes, sub- 
equally disposed on the two sides of their origin, or of the minute point indica- 
ting the radicle. All these, in their perfect condition, have their bases 
embraced within a broad disc. Radicle sometimes well marked : funicle 
short, simple for about three sixteenths of an inch, when it is divided at each 
extremity, the divisions diverging at an angle of 150° or more. Each division 
is again subdivided with more or less regularity, and always near the base, 
until there are from eighteen to twenty-five simple stipes radiating from the 
central disc. There are rarely more liian three bifurcations after the first 
division of the funicle, and these all take place withm the limits of the 
disc. No cellules are visible on tiie stipes below tiie last bifurcation, 
though they do occur within the limits of the disc. On the inner of 
celluliferous side of the disc, the divisions of the funicle, and the bases of 
the stipes beyond, are grooved along the centre. The disc is from oclq to 
nearly two inches in diameter in different individuals, and with sides co^* 
responding to the number of stipes, between which tiie mar^ is concave. 
[jChe substance of the disc is corneous like that of the stipes, extremeljr 
thin, though composed of double walls; somewhat thickened near the 
centre, and forming only a thin translucent pellicle towards the mar^n. 
The surface is usually and perhaps always smootli in the centre ; while 
towards the margin, and parallel with it, are fine stride of growth. 

The transverse diameter of the stipes, within the limits of the disc, is 
from two hundredths of an inch at the base to four hundredths of an inch 
at its outer mar;^. The vertical diameter, including the ceU-dentiqles, is 
six hundredths of an inch. The stipe is thickened on the back, and about 
one fifth the width is occupied by the conmion body. Tho full width of 
the stipe is attained at about two inches from its origin. Some of the 
stipes have been traced for seven and a half inches from tiie centre of the 
disc, and their extremities are still imperfect. The cellules are short narrow 
and straight, making an angle with the axis of about 35^, and free for about 
two fifths of their length, which is less than three times the cUameter of the 
aperture. The margin of the aperture makes an angle of from. 90° to 95° 
with the axis: denticles acute, from twenty-two to twenty-six in the space 
of an inch; the prevailing number being twenty-four. Partition-walls 
thin, and obscurely marked on the surface of the stipe. 

This species, when the form is entire, is readily recognized by its numer- 
ous simple elongated stipes. The separated central portions, whether 
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-with or without the di8C,may be known by the short funicle, and the numerous 
subdivisions near the centre. The stipes differ from those of any other species 
in their proportions, and the form of the cellules and denticles. In these 
separated parts there is some resemblance to Gr. arcuatus; but that 
species has the stipes more curved, with a different form of cell-denticle, and 
is moreover marked by the frequent occurrence of the minute radicle 
attached to the separated stipes, as well as by the presence of cellules 
nearer to the origin of the latter. 

The great variation in the number of stipes shown to occur in Q-. 
Logani^ as well as what occurs in a lesser degree in (r. octobrachiatua, is 
sufficient evidence that strict specific characters cannot be founded on this 
feature alone, in species where the stipes are numerous. From what we 
are able to observe, it would appear that the disc of G. octobrachiatus 
extends itself with the age of the individual ; though in Q-. Logani there 
is no perceptible difference in the width of the stipes near the base, whether 
the discs are larger or smaller. In those specimens of this species which 
are without the central disc, or where this part may have been removed, 
the stipes are always more slender towards the base than when they are 
embraced within the central disc. 

The margins of the disc are slender, and sometimes found broken between 
some of the stipes, without injury to the rest of the body. The parts so 
broken assume the same outline as if entire, and may probably have been 
afterwards extended to correspond with the other portions. This feature is 
seen in plate IX, fig. 4, where a specimen preserving half of the disc 
shows that in three spaces between the stipes the disc had been partially 
broken away, and appears to have been in process of reproduction. 

In specimens showing the inner side of the frond, we find a distinct groove 
marking the centre, the funicle, and the bases of the stipes: this is seen 
whether the disc is preserved or not, and appears to be an organic feature. 
This groove, corresponding to the central axis, likewise extends for some 
distance along the celluliferous portion of the stipe ; and the indentation, 
being thus interrupted along the centre, is shown more strongly on each 
margin, appearing like a double indentation or serrature. 

On the opposite side of the frond, when well preserved, the stipes near 
their bases, often appear to have a double axis, or an elevation on each 
side. This feature seems to be due to pressure, or to the filling of the 
tube on the two sides, while the centre has been contracted. It is clearly 
an accidental feature, probably dependent on the nature of the surrounding 
material, at least in part, since some specimens from their origin are full 
and round on the back of the stipes. 

G 
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EXPL4HATI01I9 or FiouBXf or Gbaptqutbus LoGAin, Hall, 

PlatbIZ. 

1. A specimen of slate, preserring portions of three indiyidnalSi (two only giren 
in the illustration.) Tlie disc had probably been removed bj maceration 
befbre they were imbedded, bnt the stipes are preserved to a length of 
more thav^ seven inches. It does not appear that this exhibits the entire 
skeleton : the stipes were originally longer. The serrated margins are not 
always shown at equal distances from the centre; bnt this is due to 
accidental position, some stipes showing the exterior surface for some distance, 
and then gradually turning and becoming flattened laterally. 

3. A specimen showing the diso almost entire. 

8, An individual showing the exterior surface ; the central portions entire, with the 

impression of the connecting disc, some portions of which remain attached 
to the stipes: The extent and outline of the disc are distinctly seen. 
The appearance of serratures is due to exfoliation, which shows the impres- 
lion of the ceUuli^urous side of the stipe upon the atone. 

4, A specimen exhibiting the half of an individual, with the disc unequally ex- 

tended between the rays. The margins are all apparently entire, and this 
inequality, to whatever accident due, existed in the living animal, 
i. Exterior view of an individual showing some remaining portions oi the dise ; itn 
stipes are all broken off beyond the bifurcations* 

6. Another individual showing the inner side, with the commencement of the ^lls, 

which appear in some places as if in double series ] the substance of the 
dise is removed. 

9. Enlargement of the exterior surface of the CMitral portion of the specimen fig. 8. 
9. Enlargement of the inner surface of the specimen fig. 6, giving the appefiran.^e 

of a double series of cells separated by a depressed line in the substance of 
the stipe. Sometimes this separation appears to be actual, while else- 
where the apparent division is due to the depression along the centre. 
9. Enlargement of a fragment of a stipe, showing the fbnn and proportions (ji 
the cellulef, 

Plati XI. 

7. The central part of an individual without disc, showing five stlpea on one side 

and four on the other. This is supposed, to be an abiiormaJl form of ^ 

Formation arid Locality. — Quebec group ; Point L^vis. 



^WWi^WB.** 
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G&APT0LITHX7S FLEXIUS, Hall 

Plate X, figures 3-9. 

(€k msLiSy.Hall: OtoioKital Survey qf Canadoy Bsport for 1857, page 1190 

. Description. — ^Frond multibrachiate, composed of numerous slender 
branching stipes, which are bilaterally diq)osed on the two sides of their 
onfpn. Radicle minute : funicle short, being little more than one tenth of 
in inch in lengthy dividing at the two extremities, the pafts diverging at an 
angle of about 105^ ; each one of these again divides within the space of 
i^.ten1lL of an ioch, making eight principal stipes, which are again several 
timces bifurcated. Cellules commencing above the third bifurcation, perhaps 
above the second.. Stipes slender flexuous^ the branches diverging at a lesser 
angle at each successive bifurcation : stipea and branches filiform at base, 
and meaairing in their full width, where the cellules are distinct, from 
fpni to seven hundredths of an inch, (a very small proportion of the width 
Vmng occupied by the common body) ; curvmg firom the ba^e, and slightly 
arcuate in their entire length. The cellules are usually on the inner side 
of the curve. In the entire length from the first division of the funicle, 
four bifurcations may be counted, and these branches again divide. The 
subdivisions ^ve about sixty-four branchlets in the entire frond, subject to 
wme variati(m 0:om the inconstancy of the subdivisions. 

Cellules short straight narrow, inclined to the axis at an angle of about 
80** ; nearly one half the length of each cellule being free : length of 
cellules equal to about four times their diameter ; the denticles acute, or 
acutely rounded, varying in the same stipe from about twenty-six to 
tweniy-eight in th& space of an inch ; apertures making an angle with the 
axis of about 90° ; cell-partitions obscurely marked, and traceable nearly 
to the back of the stipe. At the base of the branches the cellules are less 
developed, and sometimes appear as simple undulations of the margm. 

This species ia very distinctive in its features, both as to mode of growth 
and manner of bifurcation, as well as in the form and character of cell-denti- 
cles. In the first subdivision of the funicle and stipes, it might be mis- 
taken on cursory examination for Q-. Logani; but the divergence of the 
first division is always less, and the second subdivisions always diverge at 
a diflFerent angle, while the branching of the stipes forms a very distinctive 
feature. The specimens examined show no evidence of ever having 
possessefd a central disc. The substance of the stipe has an appearance of 
being more flexible than iia any other species, though this character may 
be varied with tiie condition of preservation or the nature of the imbedding 
material. Under a lens, the axis and principal branches are rounded, with 
a thin corneous expansion or alation on each side, representing in a degree 
the central corneous cup or disc of other species. 
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In this species, the branches are sometimes compressed vertically (or in 
the direction from the celluliferous face to the back of the stipe), to such 
a degree as to give an apparent double serrature, or a celluliferous face 
on each side. In this condition, the cell-apertures are at right angles to 
the direction of the axis, or sloping a little backwards, with the ex- 
tremities somewhat rounded. When the celluliferous side, thus com- 
pressed in the direction of the cellules, is uppermost on the surface of 
the shale, a line may sometimes be traced across the branch, joining the 
upper edges of the serratures, and being in fact the continuation of the 
cell-margins flattened against the stipe, while the extremities project on 
either side. 

In this way we have a great variety of aspects : the smooth surface of 
the branch, with minute striations upon the outer side ; the inner side, 
when not compressed, having cellules showing as indented lines across the 
surface (1) ; the double serration produced by a greater pressure in the same 
direction, or with the back of the stipe uppermost (2) ; again, as the branch 
is gradually turned around, these serratures disappear from one side, 
and become more prominent upon the other (3), finally showing their full 
breadth as the branch is compressed in its transverse or lateral direction.* 

1 2 3 

The specimens examined are in a finely laminated greenish-black shale. 

Explanations of Figures of Graptouthus flbxilis, Hall. 

Platb X. 

3. A fragment of slate preserving more than half of a frond, and showing the 

folding and crossing of some of the branches. 

4. A fragment preserviDg parts of three individaalS| the extremities of the branches 

all broken off. 

5. The central portion of the frond of another indiyidual. 

6. Separated branches preserving the cellules in unusual perfection. 

7. An enlargement of the centre of the frond, showing the short radicle and the 

usual mode of branching. The central part of the axis is rounded, with a 
narrow corneous alation at the sides. 

8. A bifurcated fragment enlarged : the cellules have been flattened vertically, 

causing them to be visible in slight indentations, on both sides of the axis. 

9. A portion of a branchlet enlarged, showing one part compressed laterally, 

with the cellules fuU^ expanded, while the other, on the right hand, is 
gradually twisted so as to show only the back of the branchlet. 

Formation and Locality, — Quebec group ; Point L^vis. 



* These illustrations of the effects of pressure upon the cellules were given in the 
Report of the Geological Survey of Canada for 1857. 
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Graptolithus rigidus, Hall. 
Plate XI, figures 1-5. 

(G. RiQiDCS, Hall : Geological Survey of Canada, Report for 1857, page 121.) 

Description. — ^Frond multibrachiate, composed of numerous slender 
branching stipes, equally disposed on the two sides of their origin. Radicle 
minute : funicle short, being a little more than one tenth of an inch in length, 
dividing at the two extremities, the divisions diverging at an angle of 115°; 
6ach stipe again bifurcating at least five times, following the principal axis, 
and occasionally six times in mature individuals ; the principal branches 
again bifurcate twice or three times before reaching their termination. 

In the first bifurcation of the stipe, (or second from the radicle,) the angle 
of divergence is about 78°, and in the second about 60° ; while the succeeding 
divisions diverge at a less angle, and become somewhat curved. In one 
of the stipes beyond the first division (making one eighth of the entire 
frond) we are able to count fifteen bifurcations ; giving eighteen branchlets 
to a secondary division of the stipe ; or 18 x 8, = 144 in an entire frond, 
if uniformly branched as in the one examined. 

Stipes and branches slender, cylindroid exteriorly, rigid, nearly uniform 
in width to the third bifurcation ; all the measurements from the base giving 
about four himdredths of an inch diameter upon the outer side or back of 
the branches. A single specimen, which is apparently the upper side of 
the stipe, is nearly twice as wide as the above, and preserves a part of the 
solid axis : this is replaced by iron pyrites. 

None of the specimens exhibit well-defined cellules below the last bifur- 
cation, though some of the branches are obscurely undulating or denticu- 
late on one side ; but the specimens examined do not admit of a satisfac- 
tory determination of these characters. 

The impossibility of tracing any evidence of cellules upon any part of 
the frond below the last bifurcations, suggests the possibility that this 
species was not celluliferous except at the extremities of the stipes or 
branches. In most of the specimens examined, these celluliferous parts 
have probably been broken off ; since it is evident that the whole frond 
has been subjected to maceration, and even the stronger parts are often 
broken. The regularity of bifurcation is a remarkable feature, and fur- 
nishes a character by which even fragments of the species can be readily 
distinguished; smaller fragments may be known by their rigid wiry 
appearance. 
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EZPLANATIOXS OF F1ODBB8 OF GBAPTOLXTHnS SIGIDUB, Hall. 

PlaTi XI. 

1. A fragment preserring the centre and principal branches. 

2. A larger specimen, showing the principal ramifications of the branches. This 

and the preceding specimen show only what appears to be the non-oella- 
liferons portion of the frond. 

3. The extreme parts of some branchlets laterally compressed, showing the cella- 

liferous parts of the frond. 

4. An enlargement of one of the branchlets of fig. 3. 

5. A strong branch with part of the branchlets, showing, the lower side or non- 

celluliferous portion of the frond. 

Formation and Locality. — Quebec group ; Point L^vis. 



Graptolithus abnormis, Hall. 
Plate XI, figure 6. 

(G. ABNORMis, Hall : Geological Survey of Canada^ Report for 185 Y, page 117.) 

Description — ^Frond consisting of numerous slender bifurcating stipes, 
bilaterally arranged. Radicle minute ; ftmicle long, bifiircating on each 
side ; distance between the bifurcations one third of an inch ; the divisions 
diverging at a little less than a right angle, while the inner subdivisions (or 
those adjacent to the radicle), after the second subdivision, diverge at ri^tit 
angles to the funicle. Stipes branching several times, one division showing 
four bifurcations beyond that of the funicle, giving ten branches for the 
quarter, or forty for the whole frond : stipes and subdivisions sub-cylindrical, 
being rounded on the lower side, grooved in the centre upon the upper side, 
and curving at the bifurcations : the width from one to two hundredthi 
of an inch ; free from cellules to the fourth division, counting Hiat of tiid 
funicle as the first division. The stipes and branches maintain nearly Ihe 
same dimensions throughout .their entire length. Outer divisions applh 
rently celluliferous. Cellules obscure, marked only by undulaticms upon 
the margin of the branches. 

This species, in its general aspect, resembles Gr. Logani and ^. fiesnlis^ 
but differs in important particulars. The funicle is more slender, and 
nearly twice as long as in either of those species ; the divisions of the 
funicle makes a lesser angle, and the divisions of the stipe near the base 
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Iffd qtdte dift^nt. Li ihe fmief dubdiyiBiond it ftppi^^d^ched in Hottab ddglree 
to 0^. fle^iSy the stipe being always more curted in its divergence at 
the bifurcation. The absence of cellules on all of the lower divisions of 
the stipe distinguishes this from anj other species known to me at the 
present time, except ^. rigidus ; from which it differs in the manner of 
bifurcation and in the long slender ftmicle. 

In the specimen before me there is a sli^t dissimilarity in the mode of 
branchmg on the two sides ; but this relates only to details, and the speci- 
men is imperfect, shoiring one of the main divisions, and only a small part 
of the other. 

Explanation or Fioubb or Graptolithus abnobmis, Hall. 

Platb XI. 

e. A fragment of BlatA pneseryiag the Centre and th6 branches on One side to 
beyond the first bifurcation. The other side is knperfeot) and apparently 
less developed. 

X'ormation and Locality. — Quebec group ; Point L^vis. 



Graptolithus Bichardsoki^ Hall. (n. s.) 
Plate Xn, figures 1-8. 

Description. — ^Frond consisting of strong sub-linear branching stipes, the 
number from their origin unknown ; branchlets diverging at an angle of about 
16°, and measuring in their transverse diameter about five hundredths of an 
inch ; the vertical diameter from ten to fifteen hundredths of an inch. The 
test appears thick and somewhat striated ; the cell-partitions often strongly 
marked ; the common body occupying less than one fourth the width of 
the stipe. Cellules long and narrow, curving upwards, making an angle 
with the axis of from 25° to 35° ; from four to rix times as long as the 
width of the aperture, one fourth of the length or less being free : the 
«iigle of the aperture with the axis is about 140° ; cell-denticles obtuse or 
obtusely pointed, ei^teen or nineteen in the space of an inch. 

The separated stipes of the species, when nc^ branched, resemble those 
tH &. o(^obra(^i(istu$^ but the cellules are more inclined, making a less 
angle with the adis, wlule the angle of the aperture is much greater. In 
the launching specimens, we have a character which difltLnguishes it frosa 
any other species. 



108 CANADIAN FOSSILS. 

The specimens examined havs the cellules partially or entirely filled with 
iron pyrites, or other mineral matter, giving a nodose appearance upon the 
surface ; while the back of the specimens, when vertically compressed, is 
likewise nodose. We are not able to associate this form with the others 
according to the rule which we have adopted of commencing with the two- 
stiped forms, and thence going on successively to the more complex, or 
subdivided forms. It is probable however that this one, in its normal 
condition, had a form and mode of growth similar to Gr, flexilis and Q-. 
rigiduSj but was of much stronger habit in all its parts. 

Explanations or Figubsb o» Qraptolithus Riohardsoni, Hall. 

Plati XII. 

1. A fragment of slate, preserying a stipe, with six branches in its apparent con- 

tinuation, and impressions of two others in the intermediate space ; two of 
these again bifurcating. 

2. A fragment preserving seyeral branchlets, which are compressed in different 

directions, showing the sides and apertures of the cellules. 

3. An impression of a bifurcating fragment, the cellules of which were filled with 

mineral matter and vertically compressed. 

4. A fragment of a branch laterally compressed. 

6. The impression of a bifurcating branch where the cellules are somewhat obliquely 
compressed, and partially filled with mineral matter. 

6. A fragment enlarged, giving a lateral view of the cellules. 

7. An enlargement from an impression of a branchlet which was obliquely com- 

pressed, having the cellules filled with mineral matter. 

8. Enlargement of a fragment where the cellules are filled with mineral matter and 

vertically compressed. 

Formation and Locality. — In the shales of the Quebec group ; three 
miles above the river Ste. Anne. 



Graptolithus ramulus. Hall. (n. s.) 
Plate Xn, figures 9, 10. 

Description. — The specimen described consists of a small branch show- 
ing two bifurcations : the substance is extremely thin and much compressed 
in soft finely laminated shale. 

Stipe and branches slender, test thin, greatest width about four hun- 
dredths of an inch ; width of branches half as great. The common body, 
occupies nearly one half the entire width of the stipe : branches diverging 
at an angle of 40° to 50°. 
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Cellules short and comparatively broad, inclined at an angle of about 
25®, free for more than one half their length ; the length of cellules about 
two and a half times that of the aperture : margin of the aperture making 
an angle of about 140° with the axis : denticles or cell-extremities short 
and obtuse ; about twenty-eight in the space of an inch. 

This species, in its mode of branching, form, and proportion of cell- 
denticles, differs from any other examined. It has a slight resemblance to 
Q-, flexilu. 

Explanations or Fioubib or Dbndrooraptub ramulus, Hall. 

Plate XIL 

9. A small bifurcating branch. 
10. An enlargement of fig. 9, showing the form and extent of the cellules. 

Formation and Locality. — Quebec Group ; Point L6vis, below the 
village, in a loose mass of shale. 



Genus DIPLOGRAPTUS, McCoy. 
« 

Diprion^ Barrande ; Petalolithus^ Suess. 

CharacterB, — ^Frond simple (or compound?). Stipes simple, flattened 
or quadrangular ; sides parallel or sub-parallel. Cellules arranged in a 
single series on the two sides of a double central axis : cellules oblique 
to the axis, the cell-apertures opening towards the apex ; cell-denticles 
prominent, often mucronate. 

These forms are known only as simple stipes, which are supposed to 
have grown from a fixed root. From analogy with those which I have 
designated Retiograptus^ I conceive they may have grown also in a com- 
pound form, proceeding from a central axis. 

The genera Retiolites^ RetiograptuSy and PhyllograptuB are, in some 
of these characters, similar to BiplograptuB ; and some of the latter 
have been included under this designation. The mode of increase and 
arrangement of the cellules in those genera presents important differences ; 
and I would propose to restrict the term Diplograptus to such forms as 
are included in the above description, or those where the arrangement and 
growth of cellules are similar to those of Q: priatisj Cr. palmeus, and 
(?. pristiniformia. 

The paucity of species and of individuals of this type is a remarkable 
feature in the collections from the Quebec group. It has scarcely been 
j)0ssible to find specimens for a proper illustration of the spec es. 
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DiPLOQRAPTUS PRI6TINIF0KMIS,* Hall. 

Plate Xni, figures 15-17. 

(Qbaptolithub PRi8Ti!mK>Rici9| Hall : Oeologiccd Survey of Canada, Report for 185t, 
page 133 ; Otology of Canada, 1863, page 955. Fnooioif dixtatus : Brongniart, 
HUtoir% du Vigitaux FouUeSf toI. 1, p. 70, 182S. 

Description. — Stipe flattened simple sub-linear, celluliferous on the two 
eddes, narrower at the base, obtuse, showing an extended slender radicle, 
gradually expanding above and obtaining its full width (about eight 
hundredths of an inch) within half an inch from the base. Cellules 
narrow, closely arranged; the free extremity sometimes acute, some- 
times obtusely rounded ; inclined to the axis at an angle of less than 
20^ ; from six to eight times as long as wide, a littie more than one third of 
their length free : angle of the aperture with the axis very variable, de- 
pending on the direction of the compression. About twenty-eight cellules 
in the space of an inch. Axis strong, often extending considerably beyond 
the celluliferous portion of the stipe, and sometimes marked by a groove 
indicating a line of separation. 

This species bears some general resemblance to O-, prUtis (Pal. N. T., 
vol. i, p. 265, pi. 72, fig. 1) ; but the stipe is narrower, and the cellules 
narrower and more closely arranged. In general form it resembles fl^. 
anffustifolius ; but in that species the margin is more deeply indented, the 
cell-denticles are always rounded, and the cellules inclined at a higher 
angle to the axis. 

EzPLAVATiovs Of FiaUBM OF DiPLOOBApfmi PVaTofWoiaaBf HaU. 

Plati XIII. 

15. A fragment of a atipe, showing the osual form and proportions of the betl- 

preserved specimens. 

16. A smaller indiyidaali with the mid-rib or axis extending beyond the body of 

the stipe. 

17. An enlargement ftom fig. 16| showing more distinctly the form of the cellnies. 

Formation and Locality. — Quebec group ; Pcont \Am. 



• This species is probably identical with I^coidti dintatut, Bronguiarti ut cit. 8%9 
note under G. bryonoides^ page 84. 
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DiPLoaRAPTUs iNUTiLis, Hall. (n. s.) 
Plate XTTT, fig. 14. 

Description. — ^Stipes, small and obscure, cellules angular, the free por- 
tions extending almost rectangularly to the axis, and produced into sub- 
mucronate points. The cell-divisions cannot be traced beyond the serra- 
tores. The solid axis is slender, and extended beyond the celluliferous 
portion of the stipe. 

These specimens occur as short stipes which preserve an extension of 
the solid axis, sometimes as great as the celluliferous portion. The 
distinguishing features are the angular extensions of the cellules, which 
are nearly equilateral, and sometimes slightly mucronate at their ex- 
tremities. 

This species occurs with ClimacograptuB antennaritis and ReUograptvM 
evmformis^ and has been observed in only a few specimens. 

Formation and Locality. — Quebec group ; Point L^vis. 



Genus CUMACOGRAPTUS, HaD. (n. g.) 

Simple stipes with sub-parallel margins, having a range of cellules on 
each side ; axis filiform ; cellules short and square ; apertures apparently 
excavated in the margin of the stipe, and transversely oval or sub- 
quadrate ; cell-denticles or appendages, if present, usuafly on the upper 
side of the aperture. 

Several species of this type at present known are simple stipes with 
nearly parallel sides, marked by transversely-oval or quadrangular cell- 
apertures, which, when compressed against the body of the stipe, give the 
appearance of those forms described by Linnaeus and subsequent authors 
as Graptolithus Bcalaris. In one species, where the stipe apparently 
preserves its natural proportions, the shorter diameter is about three fifths 
the longer diameter, and the axis is slender and filiform. In several 
of the species the axis is seen extending below the base of the 
cellules ; while there is often a more or less extended oblique process 
from each side at the base, as shown in C. antennarius and (7. bicomis. 
(PL xxui, figs. 11, 13 ; and pi. A, figs. 13, 15, 16, and 17.) 

These species are separated from such forms as G, pristis on account 
of the difference in form of cellules, or rather of cell-apertures, since the 
limit between the cellule and the body of the stipe is not easily observed in 
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flattened specimens. The species Graptolithus ( Climacograptus) licorim 
may be considered as the type of the genus ; and I conceive that most of 
those described as G. ncalaris are veritable species of this genus ; among 
these I would cite pi. iii, figs, o and 6, and pi. ii, figs. 14, 15, and also 
figs. 7 and 8, Barrando, Q-raptolites de Boheme, In the latter figure 
the axis lies obliquely across the cell-apertures, a feature similar to that 
shown in plate A, fig. 14, of this memoir. Graptolithus feretiusculuSj 
Hisinger, G. rectanyidarU^ McCoy, and many of the figures on tab. i 
and tab. ii of Geinitz's Graptolithen^ belong to this type. 

In suggesting a generic name, I have recognized the original specific 
designation of Linnaeus, G. scdlans. 

The form' of cellules in the peculiar group of which G, ramosua may be 
considered the type, is very similar to G. bicorms, and should be separa- 
ted from Graptolithus proper for the same reason, forming a sub-generic 
group, for which I suggest the name of Bicranograptus. 



Climacograptus antennarius, Hall. 
Plate XIII, figures 11-13. 

(Graptolithus antennarius, Hall : Geology of Canada^ 1863, page 955.) 

Description, — Stipes small, simple, quadrangular, flattened, slightly 
narrow^ed towards the base. In their natural condition they have been 
slender sub-quadrangular tubes, celluliferous on two sides, and having a 
width when flattened, including the denticles, of thirteen hundredths of an 
inch. Axis strong, extending beyond the upper extremity of the stipe, 
and sometimes marked by a longitudinal groove : base obtusely pointed, and 
having the axis slightly extended in the middle with two setiform processes, 
one from each side, diverging at an angle of about 60° with the axis, 
and slightly curved, the two including an angle of from 120° to 125°. 
Cellules short, nearly twice as wide as long; cell-denticles nearly rec- 
tangular to the axis, and frequently inclined; from about twenty-four 
to twenty-eight in the space of an inch. Surface smooth, and the test 
extremely thin. 

Under this species I have included individuals having the same habit 
and form, but varying in the distance of the cellules, and presenting much 
"variety of aspect from the different directions in which the stipe has been 
compressed. In some examples, the margins of the stipes present rec- 
tangularly-projecting processes or spinules, which vary from being barely 
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visible to having sometimes a length equal to one third the width of the 
stipe. Sometimes the margins of the stipes are entirely smooth and 
straight, and the flattened surface shows indentations produced by the 
cellules. Often the surfaces are so nearly smooth that these indenta- 
tions may be readily overlooked. In those flattened stipes where the 
margins are straight, or where only minute points are visible on the margin, 
the width varies from nine to eleven hundredths of an inch. 

In all well-preserved specimens, whatever the aspect of the cellules, the 
basal processes or radicles are nearly constant in presence and direction ; 
and the solid axis always projects beyond the upper end of the stipe, and 
sometimes to the extent of an inch beyond the celluliferous portion. In 
the extension of the cell-denticles Upon the margins of the stipe, in the 
condition represented in fig. 12, the specimens bear some resemblance to 
Metiograptus. 

Explanations of Figubss of Glimacograptus antennarius, Hall. 

Plate XIII. 

11. A young individual, compressed in such a manner that the cell-apertures are 

not shown upon the margin. 

12. A flattened stipe, presenting only the mucronate terminations of the cell- 

apertures bejond the niargin. 

13. An older individual, showing the margins of the stipe extending beyond the 

cell-apertures, while the cellules are visible in the substance of the stipes 
as darker areas. 

Formation and Locality. — Quebec group ; Point L^vis. 



Genus RETIOLITES, Barrande. 

Generic characters, — Stipes thin, flat, elongate, triangular, composed of 
two series of cellules symmetrically arranged in regard to the axis of the 
figure. The cellules arise from a single internal canal which occupies the 
central portion of the stipe. The cell-orifices are disposed upon the sides 
of the triangle, making an acute angle with the axis, and leave no space 
between themselves. 

The above is essentially the description of this genus ^ven by Mr, 
Barrande. 

The species from the Clinton group, which I have referred to this genus 
is extremely flattened, and it is not possible to determine that it has a tri- 
angular form. It possesses a very distinct axis and cell-divisions, which 
however may sometimes be concealed by the reticulate covering. In the 
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Canadian species I have not been able to discover a reticulate stractnre 
similar to the European species, nor like that from the Clinton group of New 
York ; but there is sometimes an apparent punctate texture^ and the test 
is thickened. Although the axis and cell-divisions are usually distinctly 
visible, they have not the characters of Diplograptoi^, 

The jR. O^einitzianus of Barrande is found in Bohemia and Saxony at the 
base of the Upper Silurian, and probably not far from the same horizon a^ 
the American species M. venosu». 

The jB. ensiformia of the Quebec group holds a much lower geo- 
logical position, which, together with the diflFerence of structure, leads me 
to suppose that it may ultimately be separated as a distinct genus* 



Betioutes eksifobmis. Hall. 
Plate XIV, figures 1-5, 

(Obaptolithus BNaiFOBiiis, Hall : Geological Survey of Canada^ Report for 1850^ p. 133.) 

Description. — Stipe simple, sub-ensiform or elongate-lanceolate, usually 
broader in the middle and narrower towards the extremities : axis central, 
with strongly-marked obliquely ascending striae reaching to the margins. 
Cellules obscure, apparently corresponding to the striae ; margin usually 
well defined. Width of stipe, in the largest individuals, sixteen hundredths 
of an inch ; length nearly two and a half inches. Other specimens have a 
width of one twentieth of an inch, with a length of half an inch. Cellules 
about twenty-eight in the space of an inch, inclined to the axis at an angle 
of about '50°, and without any appreciable portion. being free. The solid 
axis is slightiy undulating, and the cell-partitions alternate on the two sides 
of it, thus separating the cellules from each other. In some specimens the 
base is rounded and obtuse ; others show a continuation of the axis, or a 
central straight radicle. Substance of the test punctate. 

All the specimens are extremely flattened, and it is very difficult to 
distinguish any difiference in the opposite sides of individuals. In the best- 
defined specimen there is a distinct axis with alternate diverging filaments 
or cell-divisions, which reach to the outer margin, the substance being nearly 
all removed except this skeleton. In a single specimen, the axis is not 
strictly defined, and is broader, while the diverging partitions are less 
strongly marked. This one affords the only evidence that we have of the 
difference in the two odes of the species, a difierence shown in the 
M. &einitziantis of Barrande* 
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In the pnnotate teat and undulatiDg axis, we Iwre the charactenstiosof 
MetioliteSf which, as illustrated by Geinitz, shows on one side the cellr 
partitions reaching to the well-defined axis. The same feature of Betich 
hies is shown in a still stronger degree in, the figures of Edward 
Suess.* 

EZPLAHATIONS OF I^IGUSBS OF RbTIOLITBS BN8IF0BMIS) Hall. 

; Plate XIV, 

1, 2, 3. Indiyiduals showing gradations in growth, and slight diflferences in their 

proportions. 
4. A nearly entire stipe of the largest size observed. 

6. An enlargement from the specimen fig. 4. 

Formation and ^caK^.— Quebec group ; near Point I^vis. 



Gbntjs RETIOGRAPTUS,t Hall. 

0-eneric cAaracier*-'— Frond simple ? or compound, consisting of numer- 
ous simple stipes in bilateral arrangement, proceeding from an axis or 
radicle, (or of single stipes growing from their own radicles ?) Stipes elon- 
gate-oval, or lanceolate, with longitudinal axis and reticulate structure ; 
margins ornamented with mucronate points. The axis often extends beyond 
the substance of the stipe in a mucronate tip, and in one species there are 
losQg setae extending from what appears to be the base of the stipes. 

I had originally referred the Retiograptvs tentaculatus to the genus 
Metiolites of Barrande (describing it under the genus GraptoKthtM^. A 
fiurther examination of its structure, together with that of a species from 
the shales of Norman's Kill near Albany, induced me to separate them from 
JB^tioliteSy and propose the name of Retiograptus. Subsequently an exam- 
ination of some specimens from the Utica formation fix)m Lake St. John in 
Qaoada, revealed a minute compound form which is illustrated in fig. 9 of 
pl. xiy. Although presenting some slight difierences from the other two 
loQOwn species, I conceive it not to be generically separable from them. 
Tbe specimen ia extremely interesting for its illustration of a mode of growth 



* Ueher Bdmischen Graptolithen, von Edward Suess. Natorwissenschaftliche Ab- 
iMmdlungen, IV Band, IV Abth. Tab. VII, 1851. 

t A species of this genns has been describe din the third volume of the Palteon- 
tology of New-Tork, Sapplement, p. 518 ; and in the Thirteenth Report on the State 
<2«biafii of Natural m^tory ;, bat no generic deacription was gives. 
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not before known in forms of this kind, and suggests the possibility, if not 
the probability, that some others of the bi-celluliferous or diprionidian forms 
may have grown with this compound arrangement of the parts. 

The. stipes of the specimen figure 9, if separated, present an aspect very 
analogous to those of Diplograptus and Retiolites^ and would not be sup- 
posed to have had any diflferent mode of growth. The setiform processes 
at the base of some of the species may be regarded as an objection to the 
compound mode of growth ; but this feature would offer a still greater 
objection to regarding those stipes as simple, and as having grown from an 
independent radix. The three species of the genus now known to me, 
present some important points of difference one from the other, and there 
still remains some obscurity regarding the arrangement of the cellules. 

These forms are nearly related to the RetioliteB of Barrande ; but the 
texture of the specimens examined, and the arrangement of the parts, 
differ so much from authentic specimens of R. Geinitzianus^ that I have 
separated them under the above designation. 



Retiograptus tentaculatus, Hall. 
Plate XIV, figures 6-8. 

(Gbaptolithus tkntaoulatub : (Genus Retiolites, Barrande) Geological Survey of Canada^ 

Report for 1857, p. 134.) 

Description. — Original form of the entire frond unknown. Stipes simple, 
narrow, very elongate-elliptical when entire, narrower at the base, and 
gradually expanding above to the middle of their length ; where they attain 
the greatest width, and become gradually narrower above, with the apex 
obtuse or rounded. 

Central axis strong and well defined, extending beyond the stipe a dis- 
tance equal to half its length : base furnished with two elongate diverging 
setae, which extending from the outer edges, gradually curve down- 
wards, and finally assume a direction nearly parallel to the axis. Within 
these long outer processes, and proceeding from the centre of the base of 
the stipe, there is an extension of the filiform axis, which sometimes appears 
in its duplicate character. 

Exterior margins reticulate, furnished with a row of hexagonal meshes, 
separated by slender processes extending from the substance of the stipe, 
which unite in a continuous filiform border ; from this proceed, at about 
every second reticulation, short setiform spines, which in the middle of 
the length of the stipe are rectangular to the axis, while nearer to the base 
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and to the apex they are mclined towards the axis in opposite directions. 
These spines are sometimes on the outer margin of each mesh, and some- 
times visible only on every third one. With these rows of meshes, when 
preserved, the stipe has the appearance of a flattened corneous film with a 
central axis, which is divided into cellules as in other forms of Graptolilidce ; 
and when the outer meshes are broken oflF, these cell-divisions project as 
mucronate points beyond the margin of the stipe. These marginal meshes 
correspond to the di\nsions of the stipe marked by the cell-partitions, and 
might be regarded as showing the limits of the cell-apertures, which have 
opened obliquely to the transverse direction of the stipe. These meshes 
or cellules are arranged in the proportion of about twenty-eight in the space 
of an inch, the stipes being usually nearly three fourths of an inch (the 
longest one eighty-three hundredths) in length. 

We have no evidence that the test is punctate, and it has all the ap- 
pearance of the ordinary graptolites. The greatest width observed in any 
stipe, exclusive of the marginal meshes, is seventeen hundredths of an inch. 
In one specimen the extreme length of the stipe, exclusive of the radicles 
and extended axis, is seventy hundredths of an inch ; and the width, 
exclusive of the meshes, is fifteen hundredths, and including the meshes, 
twenty hundredths of an inch. 

The specimens examined are all extremely compressed, so that it is im- 
possible to determine any points of structure beyond those presented upon 
the surface. I do not suppose that the original form has been that of a 
flattened stipe, but rather of a quadrangular or fusiform sac, perhaps even 
convex on one side and flat or concave on the other. The cell-divisions 
are traceable almost to the central axis ; and it is the continuations of these 
diat form the reticulation of the margin, and are again produced in seti- 
form spines. It is impossible to reconcile a structure like this with any 
tUng previously described among the Grapfolitidce ; and though our views 
rf their structure may be somewhat modified by an examination of better 
preserved specimens, they cannot be united with the ordinary forms; 
80 that while Retwlites is separated from Graptolithus proper, we may 
regard this form as equally entitied to generic designation. 

Explanations of Figubes of Rbtiograptus tentaculatus, Hall. 

Platb XIV. 

6. An indiridnal of the natural size, with the marginal reticulations nearly entitle. 

7. The preceding specimen enlarged. 

8. An enlargement of another indiyidual, where the marginal reticulations are 

but partially preserved. 

9. An illustration of a compound form of Retiograptus (R. eucharis)^ from the 

Utica formation of Lake St. John. (For a description of this species, see 
Appendix.) 

Formation and Locality. — Quebec group ; Point L^vis. 

H 
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Genus PHYLLOGRAPTUS, Hall. 

Or. *vWoyf folium J and ypcupw, scribo. 
(Phtllogbaptus : Geological Survey of Canada^ Report for 185Y, page 135.) 

Generic characters. — ^Frond consisting of simple or compound foliiform 
stipes, which are celluliferous upon the two opposite sides, the margins 
having a mucronate extension from each cellule : or consisting of similar 
forms united rectangularly to each other by their longitudinal axes, and 
furnished on their outer margins with similar cellules ; the whole supported 
on a slender radicle, or combined in groups. 

These forms are analogous in structure to DiplograptuB ; but instead 
of two simple stipes united by their solid axes, we have in the examples 
illustrated, four stipes united in a similar manner, giving four separate and 
independant sets of cellules. The cellules have likewise a proportionally 
greater development, giving a broader form to the stipes than in typical 
species of Diplograptus, These bodies, which usually appear upon the 
stone as simple leaf-like expansions, may have been attached in groups to 
some other support ; but the forms of most of them, and the character of 
the projecting radicle at the base, give the same indication of the entire- 
ness of the frond that we have in ordinary forms of Diplograptus. 

Of all the Graptolitidce^ these forms furnish perhaps the best illustration 
of the lesser development of the cells at the base of the axis, and of their 
gradual expansion above, as far as the middle or upper part of the stipe. 
Many of them diminish from the centre upwards, and rarely the cells are 
more developed above the centre, reversing the usual mode, and leaving 
the narrower part at the base. 

When bodies of this form were thrown down upon a muddy sea-bottom, 
they would become imbedded mg-inly in two positions. The most common 
position appears to be that in which the parts retain a vertical and a horizon- 
tal direction, as in fig. 1 ; the lower division or folium d would thus become 
first imbedded ; while the folia J, c would lie in the plane of deposition, and a 
would be the last imbedded. The slaty laminae separate along the line J, c, 
either above or below the folia J, c; leaving on one side the folia and on the 
other their impression. If the separation takes place above, then the bases 
of the cellules of a remain ; these are directed obliquely downwards to- 
wards the base of the stipe. If the separation takes place below the folia 
6, (?, the cellules of folium d are seen directed upwards, or towards the apex 
of the stipe. These modes of separation would present appearances like 
figs. 4 and 8, pi. xv; fig. 4, pi. xvi; and figs. 5 and 16, pi. xvi. 

The other direction of imbedding would be when the specimens were 
so deposited that the laminae rested obliquely to the plane of stratifica- 
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tion, as in fig. 2. In this way, from the accumulaiion of the sediment, 
ihey would become compressed, as in fig. 3, until the parts J, cZ, and a, 
c would approach each other, or come in contact. Lying thus, with 
the slaty laminae separating above or below them, they would present the 
aspects of figs. 6 and 9, pi. xv ; and of fig. 8, plate xvi. 

2 3 






When the parts J, a are removed, the parts d, c remain, showing the 
base of the cellules, as in figs. 4 and 6, pi. xv, and figs. 3 and 7, pi. xvi ; 
while in the examples where the margins only are removed, we have 
appearances like fig. 9, pi. xvi. 



Phyllograptus ttpus. Hall. 
Plate XV, figures 1-12. 

(Phyllograptus typus : Geological Survey of Canada, Report for 185 Y, page 137.) 

Description. — Stipes robust, composed of four semi-elliptical parts joined 
by their straight sides. As preserved upon the shale, these bodies are 
elongate-ovate or lanceolate, broad oval or obovate : cellules about twenty- 
four, rarely twenty-two, and sometimes twenty-six in the space of an inch, 
usually obscure at the margin ; axis or mid-rib broad, often crenulate or 
serrate ; radicle usually short ; in some specimens about half an inch in 
length being preserved. 

The stipe originates from a slender pointed radicle. The cellules near 
the base are short, coining out almost rectangularly to the axis, or slightly 
ascending and gradually increasing in width, curving backwards or down- 
wards, and having the aperture sometimes nearly at right angles to the 
axis : the curvature lessens towards the middle of the stipe, and the line of 
aperture is parallel to the axis ; while above this they are inclined towards 
the axis, and near the summit they are again nearly at right angles to the 
axis, but opening in a direction opposite to those near the base. Cell- 
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apertures mucronate by the continuation of the cell-partitions, the mucro- 
nate appendages sometimes appearing to be double, as if each angle of 
the aperture Ijad been thus ornamented.* Central axis linear, from half a 
line to nearly a line in width. In some examples there is an apparently 
greater width, which is probably due to a slipping of the test. This 
central axis is often crenulate from the bases or impressions of cellides of 
the other division, which is rectangular to that part of the frond pre- 
served. 

This species assumes a variety of forms, and, from an examination of 
specimens of the extremes, they might be regarded as distinct species. 
After examining several hundred specimens however, I am not able to 
find constant characters to establish specific differences. The individuals 
figured represent the principal varieties. I have not thus far observed 
forms intermediate between the short broad and the elongate-oval ones, 
but they may be found in larger collections . The number of cellules in 
entire fronds varies in different individuals from twenty-five to fifty on 
each side, according to the size and form of the specimen. 

The specimens are all compressed, and the rectangular arrangement of 
the parts of the frond, as seen in P. {licifolius, cannot be seen in these ; 
the evidence of this character being the serratures along the central axis, 
which are transverse to those of the two sides. The proportions of length 
and breadth vary extremely ; one of the broad forms has a width of five 
tenths of an inch, with a length of eight tenths of an inch, while a long form 
is two and an eighth inches in length and six tenths of an inch wide in 
the widest part. 

In a single fragment of the shale containing this species, the number of 
individual stipes within a small space is so great as to suggest the proba- 
bility that these have originated from a common axis, as in Retiograptu%^ 
and have been separated but a little distance from their centre of attach- 
ment. With one exception, all these are of small size, and present no greater 
variation than is observed in the stipes of a single frond of RetiograptuSj 
fig. 9, plate xiv. 

Explanations of Figures of Phtllooraptijs ttpus, Hall. 

Platb XV. 

1. An extremely short and broad form of this species, with the axis broad, and 

showing some remains of the cellules at the base of the separated division. 

2. An elongate-ovate form of stipe, with a broad axis, which does not show 

remains of cellules. Some of the cellules in the upper part of the stipe are 
filled with iron pyrites. 



* This feature may possibly be sometimes due to the overlapping of two adjacent 
folia, so as to bring the cell-partitions and cell-denticles near to and parallel with 
each other, showing a denticle from each one. 
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8. A form similar to the preceding, showing remains of cellules on the upper 

part of the axis. 
4. An elliptical form of stipe, where two of tlie divisions have been separated^ 

leaving the bases of two sets of cellules. 
6. A broadly-elliptical form, from which two of the divisions and the axis have 

been removed ; showing the bases of the cellules of the folia remaining in 

the slate. 

6. A stipe compressed in the same direction as fig. 3 of the generic illustrations, 

page 119 ; with a part of one of the folia removed, but not reaching to the 
axis. The lines of the cell-partitions appear as if continued across the 
axis. 

7. An elongate-lanceolate form of stipe, which does not show cellules in the 

line of the axis. 

8. An elongate-elliptical and verj symmetrical specimen, showing the marks of 

cellules along the axis, which is unusually narrow. 
6. A part of a stipe folded in the manner of fig. 6, the upper portion of one side 
preserving only the impression of the substance. In the lower part, the 
cell-markings on the axis should be shown more distinctly. 

10. A group of small stipes upon the surface of a piece of shale. These are given 

in their natural size and in their actual relations to each other. 

11. An enlargement of a part of an impression of a stipe which has been flattened 

in the direction of figs. 6 and 9. A portion of the substance remains, as 
shown on the left hand ; the cellules filled with iron pyrites. 

12. An enlarged portion from a stipe, showing the double cell-denticles and 

corresponding cell-partitions. The narrow spaces on the surface of the 
figure are more elevated than the wider ones, with a greater thickness 
of the substance; which I suppose may have been caused by the cell- 
partitions, which are obliquely compressed, thus showing the cell-denticles. 
These elevated spaces become gradually narrower towards the axis, in 
accordance with the form of the cells, as shown in the theoretical figure 10, 
plate xvi. 

* 

Formation and Locality. — Quebec group ; Point L^vis. 



Phyllograptus ilicifolius, Hall. 
Plate XVI, figures 1-10. 

(Ph. ilicivolius : Geological Survey of Canada^ Report for 1867, page 139.) 

De9cription. — Frond broadly oval or ovate : axis broad ; radicle short ; 
cellules from twenty-eight to thirty-two in the space of an inch, varying 
slightly with the proportionate length of the frond. 

The radicle is rarely visible in the specimens examined. The cellules 
from the base are at first slightly ascending, and gradually curve outwards 
and downwards, so that the line of aperture is nearly rectangular to the 
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axis. This curvature becomes less in the higher cellules ; those of the 
middle open nearly parallel to the axis, and finally at the summit open 
in a direction opposite to mose of the base. Cell-apertures mucronate, 
by the extension of the cell-partitions beyond the opening, in nearly their 
full width ; but seen upon the edge, they appear as setiform processes. The 
test is striated parallel to the cell-apertures, which have a concave outline. 

As the specimens lie upon the surface of the shale, the central portion, 
for about half a line in width, is usually rough, and tlie broken cellules 
are clearly distinguishable ; while on each side are the semi-oval divisions 
of the frond, with the cellules spreading from the central axis. 

The entire frond in reality consists of four semi-oval or semi-ovate 
folia, which are joined rectangularly by their longitudinal axes, and in a 
transverse section present a regular cruciform figure. The expansions 
of the two sides, when laterally compressed, show distinct cellules with 
projecting mucronate extensions : those which are vertically compressed 
have the outer portions broken ofiF in the separated laminae of slate, 
and present the bases of the cells ; which have been sometimes filled with 
mineral matter, and distended before being imbedded. In a few instances 
the cells of the lateral portions are fiilled in the same manner, appearing 
as curving conical tubes with the broader extremities outwards. 

When the bases of the cellules of the upper or nearest of the folia 
remain, they are seento be directed obliquely downwards to the axis ; but 
sometimes in the process of separation these bases are removed wholly or 
in part, and the bases of the opposite folium are seen below the plane of 
the two lateral foha, or their impressions, which are spread out on the sur- 
face of the slaty lamina : these cellules are then clearly observed to be 
directed upwards, as we see them from below. 

It not unfrequently happens that this broad celluliferous axis is reduced 
to an undulating line, which results from compression in a direction oblique 
to the rectangularly-arranged folia, as in fig. 2, page 119, so that the two 
adjacent parts are spread out, and consequently no central line of cellules 
would be seen. When these have been divided longitudinally a little 
on one side of the centre, two sets of cellules are often seen penetrating 
the stone in oblique directions to the laminae of shale. 

The condition of preservation in several specimens examined is such as 
to render unavoidable the conclusion which I have given above, as to their 
mode of growth, however anomalous it may seem. 

This species differs from P. typus in its thicker substance, propor- 
tionally shorter and broader form, and more closely-arranged cellules. 
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Explanations of Figubes of Phtllooraptus ilioifolius, Hall. 

Platb XVI. 

1. An individual of the natural size, where the folia 6, a* are broken entirely 

away beyond the axis, leaving the bases of the cellules of two adjacent 
folia visible except at the upper part of the figure, where two or three of 
the bases of the other cellules remain. 

2. A similar specimen, showing the bases of a set of cellules on each side of the 

centre, with two or three of those belonging to the broken folium at the 
base of the figure. 

3. An enlargement of fig. 2, showing more distinctly the cellules on each side 

of the central line, and the small remaining portion at the base. 

4. A specimen of the natural size, where one folium is broken away not quite 

so far as the axis, leaving the bases of its cellules visible. 
6. An enlarged figure from a specimen which has been imbedded transversely. 
Three of the divisions have been broken away, leaving impressions of the 
lateral ones only, and of the cell-bases, and cell-partitions of the fourth 
division, which are directed obliquely upwards from the axis and point of 
view. The lower part of the specimen preserves a portion of the lateral 
folia, with the bases of the cells of the outer division a*, which are directed 
towards the axis. 

6. An enlargement of a specimen which is imbedded obliquely, or in a direc- 

tion as if the theoretical figure 10 were vertically compressed, leaving 
no visible axis. In the lower half of the specimen, the fossil has been 
separated in the opposite slaty lamina;, leaving only the impression of the 
opposite side, which also shows no axis. In the upper half of the specimen, 
the cellules are well preserved^ and on the left-hand side the apertures are 
conspicuous. Enlarged to three diameters. 
It will be observed that the impression is not quite in the same direction 
as the outline in theupper portion of the figure, owing to the obliquely- 
compressed folia. 

7. A specimen compressed in the same manner as fig. G ; the upper folia have 

however been separated, except the bases of a few of the cellules in the 
upper part of the figure, leaving the other two folia imbedded in the shale, 
and showing the bases of their cellules ascending from the axis. Enlarged 
to three diameters, as in fig. 6. 

8. An enlarged figure of a specimen compressed in the direction first described, 

without any separation of the parts ; from which cause there is no proper 
axis visible. In this condition, the specimens resemble Gra-ptolithus folium 
of Hisinger, or G. ovatus of Barrande. 

9. An enlargement of a specimen compressed as in fig. 8, but with the cellules 

filled, and the margins of the upper two folia broken, showing the cell- 
openings. (8 and 9 are enlarged to twice their natural size.) 

10. A restoration of the form of P. illci/olius^ showing the four divisions ; which 

are represented as cut through transversely, exhibiting the cell-cavities. 

Formation and Locality. — Quebec group ; Point L^vis. 



These letters refer to the illustrative figures on page 119. 
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Phyllograptus Anna, Hall. (n. s.) 
Plate XVI, figures 11-16. 

Description. — Consisting of flattened elliptical stipes, which are some- 
times broader above. Radicle minute : margins celluliferous, the cell-aper- 
tures furnished with long mucronate extensions. Cellules rising from the 
axis, expanding in width, and curving outwards and downwards ; the curvature 
diminishing in the middle, while the upper ones are but slightly curved : 
margins of the apertures regularly concave between the extensions of the cell- 
partitions, distinctly striated upon the sides parallel to the margins. Axis 
celluliferous, its width five hundredths of an inch in a specimen of forty- 
three hundredths of an inch in length, the entire width of the specimen 
being twenty hundredths of an inch : cellules in the proportion of from 
thirty-six to thirty-eight in the space of an inch. 

This species is shorter in proportion to its length than either of the 
others ; the individuals rarely or never reach the length of half an inch, 
and vary from one eighth to seven sixteenths of an inch. The test appears 
to be thicker, and the cellules more distinctly marked than in P. angusti- 
folius ; while its smaller size and more closely-arranged cellules distin- 
guish it from the other species. 

Explanations of Figures of Phtllogbaptus Anna, HaU. 

Platb XVI. 

11. A specimen with the folia obliquely compressed. 

12, 13, 14. Individuals showing some varieties of form. The specimens have all 

been so imbedded that one of the folia has been torn awaj in the separated 
laminas of shale, leaving an axis marked by the bases of its cellules. 

16. An enlargement of a specimen which has one of the laminae vertically im- 
bedded, and shows the bases of the cells as they recede from the axis. The 
markings at the sides are from the impressions of the folia, except a small 
• fragment of one remaining on the left-hand side of the 6gure. 

16. An enlargement from a specimen where the two lateral folia remain, showing 
the bases of the cells of the folium which has been broken off, in the 
separated laminae of slate. The surface is distinctly striated. 

Formation and Locality, — Quebec group ; three miles above the river 
Ste. Anne. 
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Phyllograptus angustifolius, Hall. 
Plate XVI, figures 17-21. 

(Ph. angustifolius, Hall : Geological Survey of Canada^ Report for 185Y, page 139.) 

Description. — The stipes, as seen on the slaty laminae, are elongato-ellip- 
tacal or elongato-lanceolate, being usually a little broader near the base. 
Radicle scarcely visible : margins celluliferous ; cellules about twenty-four 
in the space of an inch (rarely twenty-six, while one short broad form 
shows twenty-eight) ; cell-apertures with an elongate triangular denticle, 
which is mucronate at the extremity : the denticle is once and a half as 
long as the width of the cell. Central axis from three to four hundredths 
of an inch in width, obscurely indented by the cellules of the other divisions 
of the frond. 

This species differs from either of the preceding in its narrow and elon- 
gate form. The specimens are numerous, but being for the most part on 
slaty laminae which are extremely compressed, they preserve scarcely any 
substance ; a mere outline, with a more brilliant surface than the rest of 
the rock, being almost the only remaining characterby which they are 
recognized. In a few individuals the test is better preserved, showing a 
moderate thickness. The cell-margins on the upper side are less extended 
on the cell-partitions than in the preceding species ; while on the lower side 
they are equally or more extended, giving a form of aperture different 
from that of the other species, and a different denticle. 

Explanations of Figures of Phyllograptus augustipolius, Hall. 

Platb XVI. 

17. A small and comparatiyely wide specimen, wil^h a distinct linear axis, but 

without evidence of cellules. 

18. A more elongate specimen, with distinct axis, with a darker line in the centre. 

19. 20, 21. Varieties of form and proportion. The specimen fig. 21 is the largest 

observed. 

This species is placed under Phyllograptus from its similarity in form to 
others of the genus, although evidence of the quadruple division has not 
been established. The want of parallelism of the margins, and the sub- 
elliptical form would, I conceive, be sufficient to remove it from the genus 
Diplograptus, 

Formation and Locality. — Quebec group ; Point L^vis. 
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Genus DENDROGRAPTUS, HaU. 

Gr. ityipouj arhoTf and ypa<fK»j scribo. 

Generic characters. — Fronds simple or aggregate, consisting of a strong 
footstalk, which is sometimes furnished below with a distinct root or root- 
like bulb, and above is variously ramified, and subdivided into numerous 
branches and branchlets, which are but slightly divergent ; the whole pro- 
ducing a broad spreading shrub-like frond ; (fronds sometimes flabellate ?). 
Branches celluliferous on one side : cellules appearing sometimes as simple 
indentations on the surface, and sometimes distinctly angular, with the 
denticles conspicuous. In some specimens the cellules are indicated by 
prominent pustule-like elevations, arranged along the centre, or in sub- 
alternate order on one face of the branch. Substance of the stipe and 
branches corneous, solid or tubular : surface striated. 

These bodies present specific distinctions in the strength of the stipe or 
stem, in the mode of bifurcation and number of branches, in the character 
of the surface, and in the general form of the frond. The celluliferous 
side usually adheres to the stone, and we perceive only some simple undu- 
lations or unequal thickening of the back of the branches. Often the 
branches have an alation on one side, like a thin pellicle flattened and 
extended along the more solid axis. The radix or radicle consists of an 
expansion of the footstalk, and in one species appears like a flattened bulb 
or disc, of irregular form. The footstalks, when well preserved, are 
marked by interrupted longitudinal striae, and the non-celluliferous faces of 
the branches are variously striated, the striae in most instances being 
unequal or interrupted in their course. 

In the study of the fossils of this general character, I have indicated 
the species from the Potsdam sandstone of the Mississippi valley as the 
typical form of the genus. In this one, the cell-denticles are quite con- 
spicuous and distinctly angular ; while in some of the species from the 
Quebec group, the form of the cell-denticles is obscure, and in others it is 
shown only as a round or elliptical pit or pustule, depending on the con- 
dition of preservation. These difiereaces in the form of the cellule lead 
me to suppose that a farther subdivision of this group may become neces- 
sary ; but in the condition of the specimens in the collection before me, I 
do not feel justified in attempting to do this at the present time. 

There is likewise a gradation in the mode of growth among the species, 
by which there is an apparent transition from the form of Dendrograptus 
proper, to those similar to Dictyonema, I have thought it necessary to 
sepairate two forms of the latter type under another designation. 

The following figures, already published in the Geological Report of 
Wisconsm, illustrate the character of the species of this genus from the 
Potsdam sandstone. 
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Dendroqbaptcs Hai 



:. A portion of the frond, of the natural a! 

. An eolBrgement of one of the branclilet: 

, The main stipe and Bome of the priaci 

eipaaeion or protuberance at the base 



showing the cellules. 



e side of which is broken off. 



Desdrooraptus flexuosus, Hall. (n. s.) 
Plate XVIt, figures 1, 2. 



Description. — Frond broadly expanding. Stipe short, flexuous, branclv- 
ing near the base : branches somewhat regularly bifurcating, the divisions 
Bub-oqual in strength and equally diverging. Stipe and branches flatten- 
ed, (round in their original form,) very gradually diminishing towards their 
extremities, flexuous, the mar^s of the lower ones scarcely undulating ; 
the upper ones more distinctly undulating, and sometimes showing the cell- 
denticlea when vieived upon the non-eelluliferous side. Cellules long, 
narrow, estremittea free : cell-denticles angular, about thirty-three in the 
space of an inch. 

This species ia less robust than D. fruticoaits, the stipe more flexu- 
ous, the branches proportionally broader, their divergence more equal and 
at a greater angle, ^ving a wider expansion to the frond. The branches 
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are not so distinctly undulated by the projection of the cells, and whenever 
these are visible, the form of the aperture or cell-denticle is a distinguish- 
ing feature. 

In a specimen of coarse greenish or olive shale, which contains this 
species, we find also a few fragments of graptolites, among which we 
recognize (r. bryonoides; and in another specimen of coarse brown shale, 
we find it associated with PhyllograptuB typua and DendrograptuB 
fruticoBUB. 

Explanations of Figurxs of Dbndroobaptus flizuosus, HaU. 

Platb XVII. 

1. A small frond of the natural size. 

2. A part of a larger frond. 

The characters of the cellules and denticles referred to in the descrip- 
tion, are derived from some branchlets of the specimen figure 2, which show 
these features in a very satisfactory manner. The illustration was unin- 
tentionally omitted from the plate, and is given in the accompanying figure. 

8 




3. An enlargement of some of the branchlets of Dendrograptusflexuosus, 



Formation and Locality.— Quebec group ; Point L^vis, 
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Dbndrograptus divergens, Hall. (n. s.) 

Plate XVII, figures 3, 4. 

» 

Description. — A fragment of a frond of this species shows a flexuous 
stipe of moderate strength, with slender bifurcating branches, the divisions 
numerous and widely diverging : cellules arranged in alternating order on 
the opposite margins of one face of the stipe ; non-celluliferous face very 
obscurely striated. 

This species diflfers from all the others in its regular bifurcation, and in 
the wide divergence of the branches. The specimen is extremely com- 
pressed, and the cellules are only determined by indentations in the shale* 
It occurs in the same shales with D, erectus, GraptoUthus Logani, Cf: 
quadribrachiatuSy Q-. denticulatuSy Gr. arcuatuB^ Gr. Bigsbyi^ and others. 



Explanation of Figures of Dbndbooraptus ditsrgens, Hall. 

Plate XVII. 
3, 4. A specimen of natural size) and an enlargement of the same. 

Formation and Locality. — Quebec group ; Point Ldvis. 



Dbndrograptus striatus, Hall. (n. s.) 
Plate XVII, figures 5-6. 

Description. — ^Frond numerously branched, spreading. Stipe below the 
branches unknown. Branches cylindrical, tubular, substance thick and 
strong : branches and branchlets moderately diverging ; non-celluliferouB 
side finely striated longitudinally; stri» continuous, gently undulating. 
Celluliferous face striated : cellules minute, arranged in an alternating series, 
or in an undulating line, upon one face of the branches. The indenta- 
tions loft in the shale give an appearance as of a single linear range of 
cellules. Cellules in the proportion of thirty-six to an inch. 

This species is readily distinguished by its striated surface. In mode 
of branching it resembles D. erectus; but difiers in the striae, and in having 
cellules on the lower part of the branches. The specuncn is in a greenish- 
olive shale. 
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Explanations or Figubbb or Dbndbogbaptub stbiatus, Hall. 

Plate XVII. 

6. A fragment of a frond, preserving the bases of some of the branches. 
6. A portion of the non-celluliferoas sarface enlarged. 

Formation and Locality. — Quebec group ; Point L^vis. 



Dendrograptus ereotus, Hall. (n. s.) 
Plate XVII, figure 7. 

Description. — Stipe strong, elongated, erect, nearly straight. Branches 
alternate, ascending, and causing at their offset a slight bending or diver- 
gence of the stipe : branches bifurcating, br.anchlets alternating ; all very 
slightly spreading, the stipe maintaining a greater diameter than the branches 
as far as the eighth bifurcation (in the specimen), beyond which it is broken 
off. Cellules visible on the branchlets only as slight expansions, causing an 
undulation on the margins, and in the impressions causing slight indenta- 
tions on the surface of the matrix. Surface of the stipe and lower part of 
the branches entirely smooth under an ordinary lens. 

This species differs from all others of the collection in the elongated and 
nearly straight stipe, which maintains its distinction from the branches for 
a long distance above the base. It differs from the strong stipes of D, 
fruticosus in the almost regularly alternating branches, which are distantly 
and somewhat equally bifurcated. The stipe appears to have been a 
strong cylindrical tube of dense corneous texture, And the lower part of 
the branches have the same character. The compressed specimen is 
marked along the middle of both sides by a longitudinal groove, which 
appears to have been produced by the flattening of the stipe. The total 
absence of striae, and apparently of cellules, on the stipe and lower part of 
branches, together with the very slight divergence of the branches, 
are features peculiar to this species. It occurs in the same association as 
D. divergens. 

Explanation of Fioubb of Dendbograptub ereotus, HaU. 

Plate XVII. 
7. The principal stipe, and bases of some of the branches, of the natural size. 

Formation and Locality. — Quebec group ; Point L^vis. 
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Dendrograptus fruticosus, Hall. (n. s.) 
Plate XVn, figures 8, 9. 

Description. — ^Frond robust. Stipe strong, rounded below, and sometimes 
terminating in a root-like expansion, flattened above, and irregularly bifur- 
cating ; the branches frequently subdivided, the bifurcations continuing 
almost to the extremities. Branches and branchlets somewhat rounded and 
undulating or zigzag in direction, smooth or indistinctly striated on the non- 
celluliferous side. Cellules in alternating series on the opposite margins of 
the cellulifcrous side, and distant about twice the width of the branch ; 
from about thirty-three to thirty-six in the space of an inch ; swelling 
out towards the apertures, and giving the undulating appearance to the 
branches. Cell-denticles angular or sub-angular, twice as long on the 
lower slope as on the upper or aperture side. The cellules make an 
angle with the axis of apparently between 25° and 35°. 

This species is abundant in the coarse shales which contain Phyllograjh 
tu8 typus. The general aspect is that of a delicate plant, and it requires 
careful observation to detect the celluliferous character of the branches ; 
the celluliferous side also more frequently adheres to the stone. In the 
impressions thus left after the removal of the substance of the branch, as 
well as upon the branches themselves, we see the cellules arranged on the 
margins in alternating series, but with the apertures opening on the same 
side. 

Whenever the pressure has been upon the non-celluliferous side, and that 
side is exposed, the evidence of cellules consists of little more than 
enlargements of the sides of the branches. When a stipe is turned a little 
on one side, a row of cellules becomes visible ; and a further turning of the 
branch discloses the two series, or the alternating ranges of cellules. The 
form of the cell-denticle is much influenced by the direction of the pressure 
upon the branches, and also by the character of the surrounding matrix. 
The root-like expansion at the base does not appear to have been more solid 
than the stipe above, and is in appearance not unlike the central discs of 
the uniserrate graptolites. 

Explanations of Figures of DENDBOOBAPTua fbutioosub, Hall. 

Plate XVII. 

■ 

8. A frond which id apparently nearly entire. 

9. A more diflfuse form of the same species, with some of the branches broken oflf. 

Formation and Locality. — Quebec group ; Point L^vis. 
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DeNDROGRAPTUS ? (CaLLOGRAPTUS ?) DIFFUSUS, Hall. (n. s.) 

Plate XVni, figures 1-3. 

Description. — Stipe strong, rigid, gradually decreasing in width at each 
bifurcation : bifurcations numerous, irregular, the stipe slightly bending at 
each division, and the branches and branchlets strongly diverging. Sub- 
stance of the fossil extremely compressed, obscurely corrugated ; cellulifer- 
ous face flattened. Cellules apparently arranged in a single series along the 
longitudinal centre of the branches in the form of minute indentations, 
ahd leaving similar minute pustuliform marks in the impressions of the 
branches ; cellules about thirty-six in the space of an inch. 

This species difiers from J), erectus in the more rigid and more widely 
diverging branches. It occurs in a dark colored or nearly black shale, 
associated with GrraptoUthus extenuatm^ Climacograptua antennariicSj 
Metiograptus tentaculatua and JRetiolites ensiformis. 



Explanations of Fioubss of Dendrograptus? (Callogbaptub ?) diffusus, Hall. 

Plath XVIII. 

1. A portion of a broken frond from near the base. The test is removed in some 

parts, showing celluliferous markings. 

2. A fragment of another specimen with similar cell-markiDgs. 

3. An enlargement, showing the cell-apertures. The specimens are extremely 

compressed. 

Formation and Locality, — Quebec group ; Point L6vis. 



Dendrograptus gracilis, Hall. (n. s.) 
Plate XVIII, figures 5, 6. 

Description. — Frond dififiise, numerously branched. Branches very 
slender, extremely elongate and sub-pendulous, celluliferous on one side ; 
the cells are arranged in an apparently sub-alternate order, or have assumed 
this order during the compression of the specimen. Surface striated : cel- 
lules deeply indenting the margin of the branchlet, and the outer margin 
furnished with a mucronate extension. 
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This species is well marked by its extremely slender branches, which 
are distinctly serrated, while one side is strongly striated, and the deep 
indentations give a semi-articulate character to the branches. 

Several fragments of this species have been found associated with 
Callograptus elegans and 0. Salteri, but none more nearly entire than the 
specimen figured. 



EXPL/LNATIONS OF FIGURES OF DeNDROORAPTUS GBAOILIS, HaU. 

Plate XVIII. 

5. Two of the larger branches with their sub-divisions, of the natural size. 

6. An enlargement from one of the branchlets, showing the striate surface and 

the deep indentation of the cellules. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis. 



Genus CALLOGRAPTUS, Hall. (n. g.) 

Gr. KoXKoSf pulcher, and ypcufxof scribo. 

Generic characters, — Flabellate fronds, with numerous slender bifur- 
cating branches proceeding from a strong stem or axis. Branches and 
divisions celluliferous on one side, the opposite side striate ; sometimes dis- 
tantly and irregularly united by transverse dissepiments. The non- 
celluliferous side sometimes presents a semi-reticulate appearance. 

The aspect of these fronds is intermediate between Dictyonema and 
some forms of Dendrograptua ; but they have not the regular reticulate 
structure of the former, while the sub-divisions of the branches are quite 
similar to some of the species of that genus. Li the mode of branching 
and the form of cell-apertures, the present genus is quite different from 
the typical species of DendrograptuB, 

The slender branches and minute points which indicate the cell-apertures 
render it impossible, with the specimens in my possession, to determine 
satisfactorily the characters of iiie latter: they appear as simple oval 
impressions upon the surface of the compressed branches. 

It is possible that some of the species of this genus may have grown in 
funnel-shaped fronds, as Dictyonema. 



134 . CANADIAN FOSSILS. 

Callograpttjs elegans, Hall. (n. s.) 
Plate XIX, figures 1-4 ; and Plate XVIII, figure 4. 

Description. — Frond broadly flabelliform. Stipe short, flexuous, swelling 
at the base or root. Branches originating near the root, becoming numer- 
ously subdivided, the divisions slightly diverginor or nearly parallel, while 
the whole expands to a somewhat semi-circular form when entire. After 
the second or third bifurcation the branches become very slender, and con- 
tinue of nearly equal width. Non-celluliferous face strongly striated, 
slightly swelling at the cellules : celluliferous face striated ; the cellules 
arranged alternately on the opposite margins, parallel or slightly diverg- 
ing, and opening in a projecting process or cell-denticle, of undetermined 
form. 

This species differs from DendrograptuB fruticoBus in its more regu- 
larly-branching habit, less divergence of branches in mature specimens, 
shorter stipe, and more regular flabellate form. It differs from D. flex- 
U09U8 in the more numerous, more slender, and less diverging branches 
and branchlets. From both it differs in the form of the cells, and in the 
strongly-striated non-celluliferous face of the frond. In young individuals 
the branches are often much more divergent, but the striated surface and 
the arrangement of the cellules correspond in all. 

The specimens of this species occur in a fine grayish slate, associated 
with QraptolithuB nitidus^ Q-. constrictuB^ Q-, hryonoidcB^ and Q-. octohra- 
chiatuB. 

Explanations of Fioubbs of Callogbaptus bleoans, Hall. 

Plate XIX. 

1. A fragment of a frond, nataral size. 

2. A nearly entire flabelliform frond. The two shaded lines running nearly yer- 

tically through the figure, are due to faults or slips in the slate, causing a 
slight overlapping of the laminae, and an interruption of the continuity of 
the frond. 

3. An enlargement, showing the lateral connection of the branches at irregular 

intervals. 

4. A further enlargement of the non-celluliferous side of a bifurcating branchlet, 

showing the striated surface and a semi-articulate structure. 

Plate XVIH. 

4. A fragment which is more lax and spreading, with shorter branchlets 
than the ordinary specimens, but having similar striae, and a similar arrange- 
ment of cellules. 

Formation and Locality. — Quebec group ; Gros Maule. 
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Callograptus Salteri, Hall. (n. s.) 

Plate XIX, figures 6-8. 

Description. — ^Frond spreading or flabelliform above. Stipe below the 
branches and base, unknown. Branches numerous, undulating, bifurcat- 
ing : divisions very little diverging ; branches closely arranged, the space 
between them being usually less than the width of the branch. Non- 
celluliferous face smooth, or obscurely and interruptedly striate ; cellu- 
liferous face with the cellules alternately on opposite margins, producing 
swelUngs of the branch at these points, and an undulating or tortuous 
direction. A few of the branches astomose, or an are sometimes con- 
nected by a short transverse bar of the same width as the branch. This 
does not appear to be a constant character. 

This species has the same general form as (7. elegans ; but the branches 
are wider and less diverging, and obscurely or not at all striated. The 
zig-zag direction of the branches forms also a distinguishing feature. The 
stipe, which is not preserved in the specimens examined, was probably 
short, branching from near the base. This species occurs with 0, elegans 
and its associated graptolites mentioned above. 



Explanations or Fioubbs of Gallogbaptus Saltbbi, Hall. 

Platb XIX. 

6| 6. Fragments of two distinct fronds ; one showing the cellnliferons side, and 

the other the non-cell aliferons side. 

7. An enlargement from the non-cellnliferons side, showing a few transverse dis- 

sepiments at irregular intervals. The figure has the same degree of 
enlargement as fig. 3 of C elegant, 

8. A farther enlargement of a bifurcating branchlet, showing the cell-apertures. 

Formation and Locality. — Quebec group ; Gros Maule. 
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Gends DICTYONEMA, HaU. 

Gr. ^iKTvoVf retCf and irrifuif Jilum. 

(DicTYONRMA, Pal. N. Y., vol. ii, p. 174, 1852, and Geol, Survey of Canada ^ Report for 
1857, p. 142. Ghaptopoba, Salter, Proc. Amer. Assoc; Montreal, 1857.) 

Generic characters, — Fronds consisting of flabellifonn or funnel-shaped 
expansions (circular from compression), composed of slender radiating 
branches, which frequently bifurcate as they recede from the base. 
Branches and subdivisions united laterally by fine transverse dissepiments ; 
exterior of branches strongly striated and often deeply indented ; inner 
surface celluliferous or serrate, as in GraptoUthus. 

The general aspect of the species of this genus is like that of Fenestella^ 
both in the form of the fronds and bifurcation of the branches. Some of 
the species have heretofore been referred to that genus, and others to 
Gorgonia. They may be known from either of these genera by the striated 
and serrated corneous skeleton, and by the absence of round cellules ; which 
latter character, with a calcareous frond, marks Fenestella. 



DiCTYONEMA IRREGULARIS, Hall. (n. S.) 

Plate XX, figures 1, 2. 

Description. — Frond spreading, diffuse. Branches lax, frequently bifur- 
cating ; bifurcations unequal ; branches equal tp.one half the usual width of 
the interspaces, or a little less ; connecting filaments generally slender, ex- 
panding at their junction with the branches. Fenestrules extremely irregular 
in form and proportions, varying from a width greater than the length, to 
a length three or four times as great as the width ; those with a length and 
breadth nearly equal, often appear hexagonal. Near the base of the frond, 
the fenestrules are sometimes elongate and triangular. Cellules unde- 
termined. Surface without distinct organic markings. Branches arranged 
in the proportion of from twenty-five to twenty-eight in the space of an 
inch. 

This species is much smaller than either of the others, scarcely equalling 
in dimensions the D. gracilis of the Niagara group, from which it differs 
in its more irregular form and diffuse habit. In one specimen there 
appear to be some identations upon the stone, indicating minute cellules, 
but they are too obscure for satisfactory determination. This species has 
been seen only in small fragments : the entire frond is unknown. 
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Explanations of Figures of Dictyonbma irrsqularis, Hall. 

Platb XX. 

1. A fragment from near the baso of a frond. 

2. A fragment from the outer portion of the frond. 

Formation and Locality. ^—Qnebec group ; Point L6vis. 



DiCTYONEMA ROBUSTA, Hall. (n. S.) 

Plate XX, figures 3, 4. 

Description, — Frond large, spreading, extremely robust. Branches wide, 
strong, bifurcating : bifurcations slightly diverging, the interspaces about 
the same width as flie branches. Fenestrules large, elongated ; the length 
from seven to nine tenths of an inch, and the breadth from one twelfth to 
one seventh of an inch. The transverse connecting filaments compara- 
tively slender : cellules not determined. Surface smooth or obscurely 
striate. 

The specimens of this species before me do not admit of a more complete 
diagnosis than that above given. It differs from any other species known 
to me in the great strength of the branches, and in the very elongate 
fenestrules ; while the dissepiments or connecting filaments are usually 
comparatively slender. The divisions of the branches diverge but little, and 
the frond does not appear to have been abruptly expanded. It occurs on 
the hard shales with Q-raptolithus rigidus. 

Explanation of Figures of Diotyonbma rordsta, Hall. 

Plate XX. 

3, 4. Fragments of two diflferent fronds. In some parts of the specimen fig. 3, and 
in all of fig. 4, the branches are extremely flattened and attenuate. 

Formation and Locality. — Quebec group : Point Ldvis. 
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DiCTYONEMA QUADRANGULARIS, Hall. (n. S.) 

Plate XX, figure 5. 

Description. — Frond large, robust. Branches linear, nearly parallel, 
rarely bifurcating : branches about five hundredths of an inch in width, the 
interspaces having an average width of eight hundredths of an inch. Fen- 
estrules quadrangular, length and breadth usually nearly equal : con- 
necting filaments nearly as wide as the branches, expanded at their 
junction with the latter, so as to give an apparent sub-hexagonal form to 
the fenestrule. Cellules not determined. Surface free from any charac- 
teristic markings. 

This species is very distinct from the two preceding, and from nearly all 
other species, by the almost parallel direction of the branches. A fragment 
an inch and a quarter wide by three inches long, shows not more 
than four or five bifurcations. The apparently hexagonal form of the 
fenestrules may be due in part, or entirely, to the breaking or wearing away 
of the margins of the stipes, or of the connecting filaments, or of both. 
The short equilateral fenestrules form the most prominent and charac- 
teristic feature. It occurs with the other species just described, and with 
Chraptolithus rigiduSy in the same hard shales. 



Explanation of Figubb of Diotyonbma quadbangulabib, Hall. 

Plate XX. 
6. A fragment of a frond, of natural size. 

Formation and Locality. — Quebec group ; Point L^vis. 



DiCTYONEMA MuRRAYi, Hall. (n. s.) 

Plate XX, figures 6, 7. 

Description. — ^Frond very large, gradually spreading from its origin. 
Branches strong, width from five to eight hundredths of an inch, infre- 
quently bifurcating ; divisions little diverging, the interspaces being little 
wider than the branches. The fenestrules have a width of eight by a length 
of eleven hundredths of an inch. The connecting filaments are wide at 
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their origin or miion with the branch, and slender in the middle ; from 
about one third to one half as wide as the branches. Cellules undeter- 
mined. Surface smooth. 

This species is associated with D, robusta. It is a less robust form, 
the branches are not more than one half as wide, and the fenestrules not 
more than one third the length of those in that species, while the connecting 
filaments are quite as strong. The specimens are extremely compressed, 
and the character of the cellules cannot be determined. 

While the preceding species all have the characteristics of true 
Dictyonema^ in none of them has the base been discovered, and the entire 
form of the frond is therefore unknown. From the strong growth of all of 
them, and the nearly parallel direction of the branches, we must presume 
them to be fragments of very large fronds. 

Explanation of Figubbs of Digtyonema Mubbati, Hall. 

Plate XX. 
6, 7. Fragments of two fronds ; the figures of the natural size. 

Formation and Locality. — Quebec group ; Point L^vis. 



Genus PTILOGRAPTUS, HaJl. (n. g.) 

Gr. imKov^ pluma^ and ypcupuf scribo. 

Generic characters. — Frond plant-like, rooted ? simple or branching. 
Branches and brancblets plumose, the pinnules rising alternately on opposite 
sides of the branches ; celluliferous on one face only: branches cylindrical 
or flattened. Substance corneous, dense ; apparently smooth exteriorly, op 
corrugated by compression, or during fossilization. 

In general habit this genus resembles the modem Plumularia, and 
its mode of growth was probably similar. We know at the present time 
two species, one a slender and delicate form, the other more strong 
and coarse, and differing in its irregular mode of branching; while 
at the same time the smaller branches and pinnulae resemble the other 
species. The cellules are distinctly confined to one face of the pinnulae ; but 
whether arranged in a single linear series, or in alternating order, cannot 
be satisfactorily determined. Both species are in soft shales, associated 
with G-raptoliihuB Logani^ Q: quadribrachiatuSf Gr. arcuatus, Gr. Biysbyi, 
and others. 
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Ptilogkaptus plumosus, Hall. (n. s.) 
Plate XXI, figures 1-4. 

Description, — ^Frond bi-pinnate, branching. Branches slender, plumose ; 
the axis round and smooth on the non-celluliferous side, and grooved on the 
opposite side. Pinnules simple or rarely divided, alternate, long and 
slender, flexuose, rising at an angle of 40° to the axis. Cellules minute, 
arranged upon one face of the pinnules. 

The entire form of this species is unknown : the branches appear to have 
been rounded, solid, and very gradually tapering. The pinnulae are slender, 
linear, maintaining their width to the obtuse extremities : they have 
sometimes a length of about five eighths of an inch, ff ear the base they 
are soUd ; beyond this they are fiattened and slightly rugose (as if from 
contraction), and preserve very little substance. It has not yet been satis- 
factorily determined whether the cellules are arranged in a single linear 
series on one side of the pinnulae, or in a double alternating series. 

Explanations of Figures of Ptilogbaptus plumosuSj Hall. 

Plath XXI. 

1. A fragment which is three times branched. 

2. A slender simple branch. 

3. An enlargement from the specimen fig. 1. 

4. A further enlargement of a portion of the same ; some of the branches showing 

markings like cell-apertures. 

Formation and Locality. — Shales of the Quebec group ; Point Levis. 



Ptilogkaptus Geinitzianus, Hall. (n. s.) 
Plate XXI, figures 5-8. 

Description. — ^Frond numerously and irregularly branched. Branches 
thick and strong, irregularly bifurcating. Pinnulse broad and strong, 
closely alternating on opposite sides of the branches. Cellules large, 
arranged on one face of the pinnulse : non-celhliferous side smooth, or 
corrugated from compression. « 

This species differs from the preceding in its stronger and coarser habit, 
its more frequent and irregular branching, in the broad flattened branches 
and the broader pinnulae, of which there are about six in the space occupied 
by nine in the other species. The cellules are stronger, and apparently- 
more distant. 



GRAPTGLITBS; Ml 



EXPLANATIONS 09 FlOtTBCft OF PTILOGRAPTUd GbiNITZTANUEIj Httll. 

Plate XXI. 

5. A branching fragment showing the celluliferous side. 

6. A fragment which is Irregularly branched, showing the noii-celluliferons side; 

7. A single branchlet of the same species. 

8. An enlargement from fig. 6, showing the cell-apertures. 

Formation and Locality. — Shales of the Quebec group ; Point L^vis, 



Genus THAMNOGRAPTUS, Hall. 

Gr. dafivos, frttteXj and ypcul>a>f scribo. 
(THAMNOGRAPTUS, Pal. N. Y., Vol. Ill, p. 519,* 1859.) 

Generic characters. — ^Fronds consisting of straight or flexuous stipes 
(growing singly, or conjoined in groups at the base ?), with alternating op 
widely diverging branches : branches long, simple or ramose, in the same 
manner as the stipe. Substance fibrous or striate ; the main stipe and 
branches marked by a central longitudinal, depressed line, indicating the 
axis. Cellules or serratures unknown. 



THAMNOGRAPTUS Anna, Hall. (n. s.) 

Plate XXI, figure 9. 

Description. — Stipes slender, linear, imdulating. Branches filiform, long, 
flexuous, regularly alternating on opposite sides : the distance between the 
branches on the same side is about fifteen hundredths of an inch, giving half 
that distance on the main stipe between the origin of the branches. At 
the base of each branch, the stipe diverges in the opposite direction, 
making an angle of 30° with its previous direction. The angle between 
the stipe and the branch measured on the lower side is about 130°, and on 
the upper side 80°, showing a divergence of 30° in the direction of the 
stipe. 



* A description of this genus, with other graptolitic genera, was read before the 
American Association foif the Advancement of Science, at Baltimore in 1858 ; but the 
paper was not sent in for publication, and onlj a newspaper report of it was given. 
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The branches are flexaous, filiform, and as far as traced, simple ; rounded 
or somewhat flattened as they occur in the stone. The substance of the 
stipe or branches does not show cellules ; and the markings are groove-like 
depressions in the stipe for a short distance below the base of the branches. 
The test is corneous, black and shining. 

This species diflFers from T. typuB of New-York, in its less rigid 
appearance, flexuous stipe, and more diverging branches. 

Explanation or Figuri or Thaxnogbaptub Anna, Hall. 

Plate XXI. 
9. A fragment of the species, of the natural size. 

Formation and Locality. — Quebec group ; three miles above the mouth 
of the river Ste. Anne. 



SUPPLEMENT. 



DESCRIPTIONS OP SPECIES FROM THE UTICA SLATE, INTRODUCED 

FOR COMPARISON AND ILLUSTRATION. 

Graptolithus flaccidus, Hall. (n. s.) 
Plate n, figures 17-19. 

Description. — Frond consisting of two slender linear flexuous stipes, 
which are widely divergent from a small short obtuse radicle. The stipes 
at their origin are gently ascending, and then curve brtadly backwards 
or downwards, and maintain throughout their entire length a curvilinear 
direction ; stipes cylindrical near the base, and flattened in their exten- 
sion. Surface smooth, or with striae so fine as to be invisible under an 
ordinary lens. The diameter of the stipe varies from two hundredths near 
its origin, to four hundredths of an inch in the fully-developed parts, main- 
taining this width to the extremity : more than one half of the width is 
occupied by the common body. Test comparatively thick. Cellules nar- 
row ; from twenty-eight to thirty and near the base sometimes thirty-two 
in the space of an inch ; inclined at an angle of 20° or less to the direc- 
tion of the axis. Point of the denticle or aperture obtusely rounded, 
very rarely angular : cellules free throughout their entire length. 

This is a very distinct and well-marked species, with slender lax stipes 
extending four or five inches or more from the radicle. It occurs in large 
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numbers, the stipes lying intertwined among themselves upon the surface 
of the shale. The cell-denticles are very minute ; and near the base of 
the stipe the surface appears as if marked by small punctured or indented 
pustules. This pustuliform aspect seems to be due to the strong partition- 
walls of the cellules, which resist the pressure, and retain nearly their 
original form, while the adjacent parts become flattened. Farther from 
the origin of the stipe the whole substance is extremely compressed, and 
the cellules are only indicated by undulations in the margin of the stipe, 
which show obscurely the rounded cell-denticle. The cellules are almost 
always upon the convex side of the curve of the stipe. 

The proportions of the stipe are about the same as in Q-. tenuis^ Hall, 
(not Portlock) ; but that species has the stipes straight and extremely 
flattened in .all the specimens seen. In both species the cell-denticles are 
rounded, or appear only as slight undulations of the margin ; but in 
Q, tenuis^ the number in the space of an inch is from twenty-two to 
twenty-four. These, with the other differences, are very distinctive. 



Explanations of Figures of Graptolithus flaccidus, Hall. 

Plate II. 

17. A portion of a large fragment of slate, with parts of several individuals upon the 

surface, and showing the origin of eight individuals in the minute radicles. 
Some of these are indicated by asterisks on the engraving. 

18. An enlargement to three diameters of the radicle and stipe-bases, with the cellules. 

From the point a on fig. 17. 

19. A farther enlargement of a portion to show the form of the cellules, and the pustu- 

liform appearances at the base of the divisions between the cellules. 

Formation and Locality. — Shales of the Utica formation ; Lake St. 
John, east from Blue Pomt. 



Graptolithus quadrimucronatus, Hall. (n. s.) 

Plate XIII, figs. 1-10. 

Stipes consisting of simple quadrilateral tubes, which are celluliferbus 
on the two opposite sides ; the plain and the celluliferous sides being of 
equal width in the middle, or half-way from the base to the apex, where 
the stipe attains its greatest dimensions ; celluliferous sides of the stipe 
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gently increasing in width from the base, with the sides parallel 
above. The base is narrow and somewhat obtusely pointed below. In 
what appear to be mature stipes the greatest length is two and a half 
inches ; the width, when flattened and showing twc of the four sides, is a 
little more than one eighth of an inch, exclusive of the cell-denticles. 
Test corneous, comparatively thick, and without visible striae. A slender 
axis marks the centre of the stipe, and rarely extends beyond the apex. 
The cellules consist of simple notches or transverse slits in the opposite 
sides, which are slightly indented in the non-celluliferous face, and each 
angle or sinus produced into a slender, mucronate spine, making a range 
of spines upon each angle, or four ranges of spines marking the entire 
length of the stipe ; about twenty-two cellules in the space of an inch, 
the margin or lip slightly projecting. 

The specimens of this species occur in great numbers upon the weathered 
and fresh surfaces of some specimens of the Utica slate. Some are in a 
well-preserved condition, others are partially preserved, and others con- 
sist of moulds or impressions of the stipes. The specimens have been 
compressed in every possible direction, sometimes parallel to the cellulif- 
erous face, giving the more natural expression, or that which is regarded 
as the more characteristic of the graptolite (fig. 1) ; others are com- 
pressed vertically to the celluliferous sides, so that the plain faces are 
pressed beyond the margins of the cellules, giving the scalariform char- 
acter (fig. 3). In other specimens the pressure has been directed against 
the angles of the stipe, showing one of the plain, and one of the cellulif- 
erous sides (fig. 2). The cellules in such examples extend halfway across 
the width of the stipe, and show the spines upon the outer margin ; while 
the spines marking the inner margin are either compressed or broken off 
(fig. 8), leaving their bases visible along the centre of the stipe. On 
the opposite margin the mucronate spinules, marking the inner angle of 
the opposite cellules, are shown, extending outward as far as those on the 
opposite side, though that half of the stipe is entirely plain with an undu- 
lating margin between the spinules. Sometimes on this side the spinules 
may be folded beneath, and the stipe presents a continuous margin, and 
has the appearance of a uniserrate graptolite, both characters being some- 
times seen in the same individual (fig. 2). 

In specimens which are compressed vertically to the non-celluliferous 
face, the mid-rib or axis is distinctly marked, often throughout the entire 
length of the individual, as a slender filiform body. The cell-partitions in 
some specimens are well marked, but in the greater number are obscure ; 
this condition probably arising from the thick outer test of the specimen. 
The spinules originate in the sinus or angle at the intersection of the lip 
of the aperture ^vith the body of the stipe. 
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Some other species besides this have grown as quadrilateral tubes. Those 
specimens which show an undulated margin with projecting mucronate 
points or spinules can be of no other form than that which is here described : 
we have good reason to suppose all those with inequilateral stipes to 
belong to the same form ; and those with deep indentations on one side and 
without cell-markings, except simple undulations on the other side, are 
only another phase, depending upon the direction and degree of pressure. 

The species under consideration, in its various aspects, illustrates more 
fully thaii any other which we have seen, the efiFects of pressure in diflfer- 
ent directions. The cellules, in form and in manner of opening upon the 
surface, diflfer from such as Graptolithus pristis, and appear to be inter- 
mediate between those of G. bicomisy = ClimacograptuSy and those of 
Gf. ramo8U8. 

ExPLANATioHS OF FiQUBss OF Graptolithus quadrimuobonatus, Hall. 

Plate XIII. 

Fig. 1. Part of a stipe compressed in a slightlj oblique direction, still showing the 
cellules on the two sides. 

Fig. 2. A stipe compressed more obliquelj, so as nearly to obscure the cellules on 
one side. 

Fig. 3. A specimen compressed vertically to the celluliferous side of the stipe. 

Figs. 4, 5, and 6. Enlargements from specimens, figs. 1, 2, and 3 respectively. 

Fig. 7. Enlargement from a specimen where the solid axis lies near to one side. 

Fig. 8. A specimen obliquely compressed, so that the mucronate points at one angle 
of the cellules of the left side, are pressed through the test, and show on 
the surface as a range of pustules. The axis is displaced, and seen on one 
I side of the centre. 

Fig. 9. A diagram representing a theoretical longitudinal section. 

Fig. 10. A transverse section of a stipe with the mucronate extensions of the cell- 
margins. 

Formation and Locality, — ^Utica slate formation ; Lake St. John, east 
from Blue Point. 



Keteogbaptus eucharis, Hall. (n. s.) 
Plate XIV, fig. 9. 

Frond spreading, nearly flat, consisting of numerous narrow lanceolate 
elliptical stipes, attached to a common initial point or axis, and bilaterally 
arranged on two sides of a short funicle, which is four or five times bifur- 
cated on each side. 
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Stipes varying in proportions, the length being from three to five times 
the width ; axis very distinct, undulating, and its continuation traced from 
the radicle to the distal extremity, beyond which it extends in a mucronate 
point. Cell-partitions distinct, alternating, essentially rectangular to the 
axis, the cellules having their greatest development about the middle of 
the length of the stipe. Margins of the stipe ornamented by short 
mucronate points which alternate with the cell-partitions. 

Surface of the test smooth or granulose. 

Explanation of Fiqubb of RsTBoaBAPTus buohabiS| Hall. 

Platb XIV. 
Fig. 9. The frond three times enlarged. 

Formation and Locality,- — Utica slate ; Blue Point, Lake St. John. 
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PLATES. 

Plates A and B illustrate the stracture of the Grapto- 
litidae as referred to in the Introduction, Chapter I. 

Plates I to XXI illustrate the species of Graptolitidae 
described in Chapter II and Supplement. 
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BXPLANATIOKS OF PLJLTB A. 

Glimaoograptus TTPI0ALI8, page 67. 

See observations on C. (G.) bicornis^ etc., pages 27, 28, 30, 45, and 111. 
Figares 1-8 are enlarged to six diameters. 

Fig. 1. A lateral view of the concave side, wilh the surface entire, showing the form of 
the cell-apertures. 

'' 2. A lateral view of the same, showing the entire form of the cell-apertures. 

'^ 3. Lateral view of a fragment where the surface is exfoliated, showing the cell- 
partitions extending downwards towards the centre. 

"^4. A longitudinal section made a little below the exterior surface, showing the cell- 
partitions extending further towards the interior than in fig. 3. 

'' 5. A longitudinal section through the centre, showing the cell-partitions reaching 
to the central axis. 

" 6. A transverse section, showing the cell-partitions just within the aperture, and 
the minute central axis. 

'^ 7. A transverse section made a little lower than in fig. 6, showing the cell-partitions 
extending across the stipe on one side, and on the other side showing the 
narrow triangular point near the centre. 

" 8. A section made diagonally across a crushed stipe, showing the folding (from 
pressure) of two cell-divisions on each side of the centre. 

'' 9. An ideal longitudinal section, showing the form and direction of the cell-parti- 
tions and the central axis, (enlarged to twelve diameters). 

Graptolithus putillus, pages 27 and 44. 
Enlarged to twelve diameters. 

Fig. 10. A fragment of a stipe, showing the two ranges of cellules, their form, mode of 
growth, and the unfolding of the exterior test along the line of the central 
axis. 

'' 11. A lateral view of the same fragment, showing the cell-apertures and the flat- 
tening of the exterior of the base of the next cellules in advance, and the . 
gpreater breadth of the cellules at the bases. 

'< 12. A longitudinal section through the centre of the stipe, showing the double 
cell-partitions and the double central axis. 

" 12 a, A transverse section cutting one cellule near the aperture and the other near 
the base. 

Glimaoograptus biooriis, pages 20, 21. 

{Chraptolithus bicornitj Palseontologj of New York, vol. i, page 268, and Geology of 

Ganada, page 200.) 

Fig. 13. The lower part of a stipe enlarged to two diameters, showing the bifarcating 
process and a central node or radicle. 

'' 14. An enlargement to six diameters of a fragment which preserves in a very per- 
fect manner the border of the cellules, and ihowi an undulating eentral 
axis as well as the median ridge. 

" 15. The base of a specimen showing three spine-like processes, (two diameters). 

*^ 16. The lower extremity of a specimen showing a partially developed corneous 
disc, (two diameters). 

'^ IT. The lower extremity of another specimen, showing a more complete diso or 
bulb at the base, (two diameters). 



EXPLANATIONS OF PLATE A, continned. 

Olikacooraptub (snb-genas Diobanogbaptub) BAMosuSy pages IS, 31, 45, 46, and 112. 

{Oraj^olithus ramonu^ Palsdontologj of New Tork, toI. i, page 2Y, and Geology 

of Canada, page 200.) 

Fig. 18. The lower part of a frond in which the base is entire, with the bifarcation 
aboye, (nataral size). 

^* 19. The bifurcating portion, with a part of the simple stipe, showing the cells on 
one side as they are nsnallj seen when flattened in the slate. On one por- 
tion of this there are oval pustules, which is a feature sometimes observed. 
The opposite side gires the appearance of the cellules wh&n flattened and 
compressed partially ag^nst the aperture, (six diameters). 

'' 20. An enlargement from below the bifurcation, showing the more perfect form of 
the aperture, with the- spines proceeding from the exterior surface above 
the aperture, (enlarged to six diameters) ; see pag^ SI. 

'' 21. A young individual or germ, supposed to be of this species, showing the basal 
processes and the partially developed cellules at the npper part. See 
page 34. 
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Graptoutbub OuMTOWKsasB, poiges 25, 27, 29. 

(Paleontologjpof New York, toI. ii, page 39.) 
Figures 1, 2, and 4 are enlarged to six diameters, and figure 3 to nine diameters. 

Fig. 1. A fragment from near the base of a stipe, where the eellnles are less deyeloped 
than in other specimens. The cellules are partially filled with mineral 
matter and have an aagidar funn. 

" 2. A lateral view of a part of a mature stipe, showing the form of the cellules, and 
the recurved extremities causing the apertures to open downwards. The 
specimen is filled with mineral matter. 

" 3. A front view of a part of the same stipe, showing the lateral extent of the cell- 
bases and the expansion at the aperture. 

" 4. A dorsal view of the san^Ci showing a groove which indicates the place of the 
solid axis. 

" 5. A branch of DiorronMA «baoiu8 (pi^ 29), showing the serrated margin indi- 
cating cell-apertures ; (enliu^jed six diameter^). 



Gbaptolithus Wnivnibm, pages B2| 33, And 36. 

Figures 6 - 10 are of natural size:; figure 11 is enlai^ed to two diameters. 

Fig. 6. A stipe showing serratures. With ft few partially deyeloped reproductlTe sacs in 
the upper part. 

'* 7. A stipe where the sacs are more fully developed. 

" 8. A stipe with numerous reproductive sacs, some of which have apparently be- 
come dehiscent, and exhibit nnaieroos extremely slender fibres. 
(In connection with one of these sacs there are two minute germs, one of them 
lying beaeath the sac, and the other just beyond its outer margin and barely 
separated from its fibres. See fig. 11^ 

" 9. A stipe with a few of the sacs remaining, and the bases of some others which 
have apparently been broken off. One of these sacs appears to be Attaelied 
to the axis above the>eelltiles and lying beneath the axis. 

** 10. A st4pe from which the reprodoctive sacs have been removed (by maceration), 
showing only the marginal fibres by which they were Attached to the axis 
of the parent stipe. Som^e of these remain connected with the axis in 
its extension beyond the isellules. 

'^ 11. An enlargement of a single sac, from fig. 8, showing the position of the two 
germs. 



EXPLAKATIONS OF PLATB B, continued. 

GiBm or Gbaptoutib. 

Figures 12, 13, 14, 16, 17, 18, 19, are germs of Graptolites enlarged to six diame- 
ters. (See pages 33 and 34.) 

Fig. 12. A germ of a biserrate form, before the cellules hare assumed distinctire shape. 

The axis is extended, and the common body spreads on both sides in the 

lower part, the cellules embracing the lateral processes, which are seen at 

the base of most of the diprionidian forms, and extending along one side of 

the axis abore. 
'' 13. A form similar to fig. 12, a little farther adranced, where the lower cellules 

hare begun to assume their proper form. 
" 14. Another form of germ resembling G, ciliattu; the ciliated processes are risible 

bejond the limits of the sac, but the cellules appear not to hare assumed 

definite form. 
'' 15. A young individual of O. cUiaitUf (natural size). 
" 16. A discoid germ. This maj be the central disc of a compound form of Grap- 

tolithus. 
" 17. A germ showing the common bodj extended on the two sides of. the axis, but 

without anj yisible or apparent cellules. 
" 18. A germ where the common bodj or sac is much expanded on the two sides of 

the axis, and the central portion is apparently becoming more solid. 
" 19. A germ where the solid axis is on one side ; the species probably belongs to 

the monoprionidian type. 



RiTiouTis yivosuB, pages 22, 47, 113, and 114. 

(Paleontology of New York, toI. ii, page 40.) 
The figures are enlarged to nine diameters. 

Fig. 20. The exterior of the conrex (7) side, showing the external axis and cell-parti- 
tions, with the intermediate reticulate texture. 
" 21. Another view, apparently from the interior (see page 47), showing an undulat- 
ing or zig-zag axis, with cylindrical processes extending to the margins, 
and short, apparently broken processes directed obliquely upwards. The 
reticulate structure is not essentially different from that of the other side. 
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EXPLANATIONS OP PLATE L 

Graptolithus nitidu8| page 69. 

Fig. 1. A jouDg indiyidnal with the radicle and the two stipes. 
** 2. The extremity of a stipe enlarged, showing the partiallj-deyeloped cellules. 
** 3. A larger specimen similar in character to fig. l, showing the pustules at the 

base of the cellules. The extremities are not quite entire. 
" 4. A part of the left side of fig. 3 enlarged, showing the pnstuliform elevations. 
" 6. An enlargement from fig. 8, with the cellules obliquelj compressed and the 

pustules obscure. 
" 6. Two smaller individuals, which, from juxtaposition and similarity, seem as if 

thej maj have originated from a common base. 
<' 7. An impression of a more extended form, proportionally narrower than fig. 3. 
'' 8. A still narrower stipe, diverging almost rectangularly from the direction of 

the radicle. 
" 9. A well-preserved small individual, enlarged three diameters. 

Graptolithus patulus, page 71. 

Fig. 10. A specimen preserving the radicle, and a stipe on one side two and a half 

inches in length. 
** 11. The distal extremity of a larger stipe. Some of the cells are filled with pyrites. 
" 12. A short stipe broken off near the radicle, showing the narrow form near the 

base, and a width beyond greater than in ordinary forms. 
** 13. A part of fig. 12 enlarged. 

" 14. A part still further enlarged to show the striss parallel to the cell-apertures. 
" 15. An enlargement from fig. 11, where some of the cells are filled with iron 

pyrites showing their extension almost to the back of the stipe. 

Graptolithus BiFmus^ page 73. 

Fig. 16. A small specimen from the same fragment of slate with fig. 17. 
" 17. An individual of ordinary size. 
" 18. An enlargement of the upper part of one stipe of fig. 17. 

Graptolithus indbntus, page 74. 

Fig. 20. An individual of the natural size, the continuation of the stipes having been 
broken off on ode side. 

Graptolithus bxtbnuatus, page 75. 

Fig. 21. A fragment of the stipe, natural size. 
** 22. A portion of the lower extremity enlarged ; a part of the specimen retaining 
the substance of the fossil, and a part being an impression in the slate. 

Graptolithus conbtriotub, page 76. 

Fig. 23. A young individual, natural size. 
** 24. An older specimen, the stipe broken off on one side. 

<' 25. A part of a much more extended stipe, but which is not wider than fig. 23. 
** 26. A part of a stipe from Gros Maule. 

'' 27. An enlargement of the last, showing the form of cells, the cell-denticles or 
apertures, and the characteristic apparent constriction. 
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EXPLANATIONS OF PLATE I. 

GBA:-T':T.!THua N1T1DC8, page 69. 
• 
KiK i '. • . v' .'iiiTJduRl with »!ie rndicle and the two stipes. 

■.iniy of a sii|M' »«t|l.,rffed. phowing the partiiilly-developcd c^Hules. 
•»/ecinien sitriii i ui character to fig. 1, showing^ the pudlules at the 
• ihe cflluleM. TliC extreiuitieg are not quite eutire. 
*. I the Ifft .-lide of ; •;. .< enlarged, ahowing the pustnliforra elevntions. 

• ii^fment fr«;» I tig. 8, wiih the cellult^s obliquely compressed and the 

1 .maJt-iT :• i T.tL'iftls. which, from juxtaporsjtion and similarity, soem as if 

■i*'v n\i\\ ;. .r- •..•f'ii?i!»at-d from a common bnst*. 
' \ .»»>;•'■■. ? a m«»re exten<l«"d form, proportionally uarrow«T than fig. 3. 
'' >. V h'i.l i».' 's-: 'tipe, diviTj^ing almost rectangularly from the direction of 
•.:o r-* . 
b A p-.;li-; • • \ rim:i\\ itidividuiil, enlarged three diameters. 

GRAPToi.irnrs patul'.-?, page 71. 

Fig. 10. A «p'^ri»*ii n j.res»»rring the radit'e, and a stipe ou one side two and a half 

iucii*'" in ienj^tji. 
** 11. The lii.^tal "xir»Mnity of a iarger stipe. 8om*» if the cell? are filled with pyrites. 
" 12. A short stipe broken off near the radicle, . howing the narrow form near the 

ba?c, and a width h^ywn«l greater than 'u '/rdiuary forms. 
" 13. A part uf fig. IJ ♦ular^cd. 

" 14. A part s:ill Cii'h.M enlarged to show the iiria; j»arallel to the c«*ll-apcrtures. 
'* 15- An ' tilar;/"n^'" I I'r >m fig. 11, where some of the cells are filled with iron 

t vr» 1 ''A ;;: r their extension alziost to the back of the stipe. 

GftAPTOLiTHr* K:nou8, page 73. 

Fig. '.' ^ • ; •. M-i>in ih«? ' -, 'ragment of slate with fig. 17. 

• . ■ • •idii.nry 

of th«; J; ar: of OHO Stipe of fig. 17. 
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Gt*^ ' luvR 1NDKNTU8, page 74. 

''4 M-liial of 'I' .• I'urul size, the continuation of the stipes having been 

••1 off on « 'k \\\v. 

^HTOLITITS EXTBNUATUS, page 75. 

'■'.^ ^ . ». »•«. , f.itural size. 

\ : • ■ p; mi ty enlarged ; a part of the specimen retaining 

and a part being an impression in the slate. 

••'iKflTHiOTUB, page 76. 

' ^4 ■ -^n off on one side. 

• ' • *' "'iKi, but which is not wider than fig. 23. 
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■■■ -a the form of cells, the cell-denticles or 
apparent constriction. 



Oitiilnaitiil "iintfij iif iiaii;iOa. 




II 



l» 



EXPLANATIONS OP PLATE IL 
Oraftolitrvs umilu, page 78. 

Fig. 1. A rerj joung indiridnal of this apeoiet. 
<< 3. An indiyidual somewhat more mature. 
" 8. An enlargement showing the form of the radicle, and the cells near their 

origin, with a non-celluliferouB space between. 
« 4. A firagment of a longer stipe, which is imperfect at both eztremities. 
<< 5. An enlargement of fig. 4. 

Gbaptouthus abouatub, page 79. 

Fig. 6. A stipe of a small indiridual, more than nsuallj curred. 
*< 7. A stipe having a process just above and opposite the radicle. 
" 8. A larger stipe, the cellules very clearlj preserved. 
*' 9. A specimen showing the stipes on both sides of the radicle, and preterring 

their peculiar curvature verj perfectly. 
^ 10. An enlargement of a portion from figure 8. 

Gbaptouthub UTiNBUB, page 80. 

Fig. 11. A single stipe more than four inches long, with the radicle and base of the 
opposite stipe. 
'< 12. A fragment showing a part of the stipe on each side of the radicle, natural size. 
" 13. The radicle and adjacent cellules, enlarged from fig. 12. 
'< 14. An enlargement of fig. 12 at a point about two inches from the radicle. 
<' 15. A fragment of a stipe where the cellules are distended by iron pjrites. 
" 16. An enlargement from fig. 15. 

Gbaptolithu^ VLAOomuB, page 143. 

Fig. 17. A portion of a large fragment of slate, with parts of several individuals upon 
the surface ; and showing the origin of eight individuals in the minute 
radicles. Some of these are indicated bj asterisks on the engraving. 
'< 18. An enlargement to three diameters of the radicle and stipe-bases, with the 

cellules. From the point a on fig. 17. 
' 19. A farther enlargement of a portion to show the form of the cellules, and the 
pufltuliform appearances at the base of the divisions between them. 



vf-ynr t.l;'_T ,-lhrvJ, EiDii ■■ 



(AfiiUo'iiirrtll ^nriKij d liiiRit.iia. 



i ; f 'Wiiiii*>i«*>v>*tMMiia*Mga ttUB 








EXPLANATIONS OP PLATE HI. 

Graptolithus PBKNATULU8, page 82. 

Fig. 1. A young specimen with the minute radicloi the Btipes diyerging almost 
horizontally, or rectangularly to the radicle. 

'' 2. A young specimen, with one stipe entire, and a part of the other, less direrg- 
ing than fig. 1. 

<* 3. A single imperfect stipe of a young or half-grown indlTidaal, which is nar- 
rower than usual. 

" 4. A larger stipe, which is entire from the base to the apex. 

*< 6. A large or full-grown single stipe, which is nearly entire. 

" 6. An enlargement to three diameters from fig. 4, showing the form and propor- 
tion of the cellules, and cell-denticles. 

*< 7. An enlargement to the same degree as the preceding, from fig. 6. 

" 8. A young specimen where the stipes are twisted near the base, giving an appear- 
ance as if the serrations were on the outer or lower side in relation to the 
direction of the radicle. 

Gbaptolithus bifidus, page 73. 

Fig. 9. An individual from the river St. Anne, showing a greater divergence of the 

stipes, which are wider than those from Point L^vis. (See plate i.) 
* " 10. An enlargement from one of the stipes of the preceding, showing the form 
of serratures, and the minute pustules at the base of the cell-divisions. 

Gbaptolithvs bbtonoidbs, page 84. 

Fig. 11. A fragment of a stipe from the rough shales containing Phyllograptus ilicifolius. 
In the character of the cell-denticles it resembles the specimen pi. iv, fig. 9 
and with that one may constitute a distinct species. 
" 12. An enlargement of a part of the specimen fig. 11. 
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EXPLANATIONS OF PLATE IV. 

GuAPTOLXTHus BBTovoiDi8| page 84. 

Figs. 1| 2, 3. ToQDg individiials of this species. 
" 4. An older iadividaal. 

" 6. A young specimen preserring two of the stipeSi the funicle haying been broken. 
" 6. Ah enlargement from fig. 1, showing the radicle, funicle, and origin of the 

four stipes, with a few of the earlier cellules. 
'' 7. An older and larger specimen. 
'' 8. An enlargement from fig. 7 showing the character and proportions of the 

cellules. 
" 9. A small individual, preserring the four stipes in part, which are somewhat 

more slender than the usual forms of this species. 
'' 10. An enlargement of the base of the specimen, showing the cell-denticles on 

one of the stipes, and a proportionally longer funicle than in fig. 8. 
" 11. An extremely elongated stipe, the lower end showing the commencement of 

growth ; the distal extremity is broken. 

«*^ Figs. 9 and 10 may possibly prove to be distinct species. (See pi. iii, figs. 11, 12.) 

Gbaptolxthus dintioulatus, page 88. 

Fig. 12. A small imperfect specimen, preserving three of the stipes. 

<< 13. A larger and more nearly entire specimen, showing the four stipes. Their junc- 
tion at the base is not quite satisfactorily shown. 

" 14. A part of a single stipe, in which the cellules are well shown on one part ; 
while they are compressed and nearly obliterated on the left of the curve. 

" 15. An impression of a part of a stipe which is nearly straight; the imprint of 
the axis or thickened margin is not defined. 

<< 16. An enlargement from figure 14, showing the form of the cell-denticles, and 
the strong marginal axes ; one portion represented with the substance 
remaining, and the other as an imprint. 
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BXPLANATIONS OP PLATB V. 
Gbaptolithus quadbibbaohiatuSi page 91. 

Fig. 1. A large specimen with stipes yertically compressed. 

'' 2. A young specimen in which one of the stipes appears to be subdivided. 

" 3. An individual with stipes a little curved, the back of the stipe visible, and 
showing no serratures. 

'< 4. A frond with one of the stipes broken off; one showing the cellules and dis- 
tinct striffi parallel to the cell-partitions, while the other two are turned so 
as to obscure the cellules. 

" 6. An enlargement from fig. 1 : the stipe has been vertically compressed, causing 
the cellules to show a less angle with the stipe than in the normal condition. 

Gbaptolithus fbutioosus, page 90. 

Fig. 6. A small individual with the extremities of the radicle and stipes broken off. 
'* 7. An enldrgement from fig. 6. The serratures are either imperfect or shrunken, 

and do not present the characters seen in better-preserved specimens. 
" 8. An individual nearly entire, with an extremely long and slender radicle, bat 

imperfectly preserved in the outline of its parts. 

Gbaptolithus pbnnatulus, page 82. 

Fig. 9. A single stipe of this species ? The specimen is a large stipe, somewhat obscurely 
preserved upon the surface of a slab of slate, with G. extensusj G. bryon- 
oideSj and Phyllograptus ilicifoHus. It is from the same locality with 
G, bifidus at Point L^vis. In the form of the stipe, and its gradual diminn- 
tion towards the distal extremity, as well as in the absence of visible pus- 
tules at the base of the cellules, it has the habit of G, pennatulus. Being 
the only individual observed from this locality, and the resemblance to 
G, bifidus being very close, I have referred it with much hesitation to 
G,pennatulu8, 

Gbaptolithus obuoifbb, page 92. 

Pig. 10. View of the specimen from which the description is drawn. 
" 13. The disc of a young individual probably of this species. 

Gbaptolxthus Hbadi (?) page 94. 
Figs. 11 and 12. The central discs of two individuals which may belong to G. Headi, 
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EXPLANATIONS OP PLATE VI, 
Graptolithub FRUTI0O8U8, page 90. 

Fig. 1. A firagment showiDg two of the stipes entire, and the bases of two others ; the 

radicle extending to the margin of the specimen. 
" 2. A specimen preserving three of the stipes, one of them entire, and showing 

some irregularities in the bifurcation where the one is broken o£f. 
" 3. An enlargement of the right-hand stipe of the specimen fig. 1. 

Graptolithub brtomoidbs, page 84. 

Fig. 4. A frond in which three of the stipes, and the base of the fourth, are preserved. 
The specimen shows some peculiarity in the union of the parts bj the 
Blender funicle. From the river Ste. Anne. 

Graptolithub quadribraohiatub, page 91. 

Fig. 5. A frond preserving one stipe partially entire, and others broken off: the fanicle 
and radicle-point are well preserved. 
*' 6. An enlargement from the specimen fig. 6, showing the form and proportions of 
cellules in their more perfect preservation, with the striae parallel to the cell- 
margins well preserved. 

Graptolithub oruoifbr? page 92. 
Fig. 7. A central disc of G, crucifer^ with the bases of the branches. 

Graptolithub Hbadi, page 94. 

Fig. 8. A representation of the specimen of the natural size, and as it occurs on the 
surface of the stone. (The upper separated portion of the stipe is placed 
a little lower in the figure than it is on the stone, in order to bring it 
within the dimensions of the plate.) 

Graptolithub alatub, page 93. 

Fig. 9. The specimen represented as it occurs on a fragment of slate. The back of the 
stipes shows faint indentations, but they are made too strong in the 
engraving. 
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EXPLANATIONS OP PLATE VII. 

Gbaptouthub ootobbaohiatub, page 96. 

Fig. 1. A large Indiyldaal preserying two of the Btipes to the length of eight inches, and 
another to nearly the same extent, while the rest are broken off at less 
distances from the disc. The flexibilitj of their substance is well shown in 
the recnrred stipe at the left-hand side of the figures. Although this speci- 
men preserves the most extended stipes of anj in the collection, the disc 
is smaller than in several of the other specimens. 

" 2. The exterior of a large disc of this species, with the stipes broken off a little 
bejond its margin. The two longer portions are so turned as to show the 
cellules. 

** 3. A portion of a large disc, showing the exterior or non-cellnllferouB face of the 
frond, and preserving portions of four of the stipes. 

" 4. A frond with the stipes broken off at different distances from the centre. The 
substance of the disc or cup is imperfect,— a condition which apparently 
existed while the body was in a living state. 

" 5. An enlargement from one of the stipes of fig. 1, at c, looking upon the apertures 
of the cellules, which are somewhat compressed. 

** 6. An enlargement from the same at 6, where the substance is laterally compressed. 

" 7. An enlargement from the same, where the substance is obliquely compressed at a. 

Figs. 5 and 7 are taken from casts made in the impressions left by removal of the 
substance of the graptolite. 
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EXPLANATIONS OP PLATE VIIL 

Oraptolithub ootobbaohiatub, page 96. 

Fig. 1. A sjrnmetrical frond preserring parts of all the stipes, two of them apparently 
almost entire ; sereral of them had been abruptly bent before being im- 
bedded in the stone. 
2. A frond preserring eight stipes, bnt without a disc. The specimen does not afford 
any evidence that a disc has ever existed. 

" 3. A frond with small disc and somewhat slender stipes. One side preserres the 
usual character of four stipes, while the other has but three. 

" 4. A frond which is abnormally developed ; one side exhibiting the four stipes with 
the disc, while on the other side the funicle is apparently extended in a single 
stipe only. 
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EXPLANATIONS OF PLATE IX. 

Gbaptouthub LooAiri, page 100. 

Fig. 1. A specimen of slate, preserring portions of three individnals (two onlj giren 
in the illustration). The disc had probably been removed bj maceration 
before thej were imbedded, but the stipes are preserved to a length of 
more than seven inches. It does not appear that this exhibits the entire 
skeleton : the stipes were originally longer. The serrated margins are not 
always shown at equal distances from the centre ; but this is due to acci- 
dental position, some stipes showing the exterior surface for some distance, 
and then gradually turning and becoming flattened laterally. 

'* 2. A specimen showing the disc almost entire. 

'* 3. An individual showing the exterior surface the central portions entire, with the 
impression of the connecting disc, some portions of which remain attached 
to the stipes. The extent and outline of the disc are distinctly seen. 
The appearance of serratures is due to exfoliation, which shows the impres- 
sion of the celluliferous side of the stipe upon the stone. 

**" 4. A specimen exhibiting the half of an individual, with the disc unequally ex- 
tended between the rays. The margins are all apparently entire, and this 
inequality, to whatever accident due, existed in the living animal. 

*' 6. Exterior view of an individual showing some remaining portions of the disc ; the 
stipes are all broken ofif beyond the bifurcations. 

'' 6. Another individual showing the inner side, with the commencement of the cells, 
which appear in some places in double series. The substance of the disc 
is removed. 

" 7. Enlargement of the exterior surface of the central portion of the specimen fig. 5. 

'* 8. Enlargement of the inner surface of the specimen fig. 6, giving the appearance 
of a double series of cells separated by a depressed line in the substance of 
the stipe. Sometimes this separation appears to be actual, while else- 
where the apparent division is duo to the depression along the centre. 

'* 9. Enlargement of a fragment of a stipe, showing the form and proportions of 
the cellules. 



I 



I 

t 



I 

I 

\ 
} 



%: 



.■--<- U i.'. 



■j 

41 



EXPLANATIONS OP PLATE X. 



Qriptolitsi;! 



Fig. 1. A specimen of natural size, much brolcen and distorted from presBure. 
" 3. An enlnrgemeut from the precbiliog figure. 



GexftoLitaoa fluilib, page 103. 

[. 3. A fragment of elate preserrlng more tban balf of a frond, and showing tlio 
folding and crossing of some of the branches. 

4. A fragment prcaerving parts of three indiTidnals, the extremities of the branchei 

all broken oft. 
B. The central portion of the frond of another indiTidaal. 
6. Separated branches preserving the cellules in nnuaual perfec^oD. 
T. An enlargement of tbe centre of the frond, tg. S, BbowiDg the short rftdicle 

and tbe usual mode of brancbing. The central part of tbe aiis is roanded, 

with a narrow corneous alation at the sides. 

5. A bifurcated fragment enlarged, from fig. 4: the cellules have been Batteoed 

Tertically, causln); tbem to be visible in slight indentalloas on both sides ol 
the axis. 
a. A portion of a brancblet enlarged from Ug. 6, showing one part compreBeed 
laterallj, with tbe cellules full; expanded, while the other, on tbe Tlj^lit 
band, is gcaduallf twisted bo ae to show only the back of the brancblet. 
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EXPLANATIONS OP PLATE XI. 

Gbaptolithub BIGIDU8, page 105. 

Fig. 1. A fragment preserving the centre and principal branches. 
" 2. A larger specimen, showing the principal ramifications of the branches. This 

and the preceding specimen show only what appears to be the non-cellu- 

liferous portion of the frond. 
" 3. The extreme parts of some branchlets laterally compressed, showing the cella« 

liferous parts of the frond. 
" 4. An enlargement of one of the branchlets of fig. 3. 
'' 5. A strong branch with part of the branchlets, showing the lower side or non- 

celluliferous portion of the frond. 

Gbaptolithus abnobmis, page 106. 

Fig. 6. A fragment of slate preserving the centre and the branches on one side to 
beyond the first bifurcation. The other side is imperfect, and apparently 
less developed. 

Gbaptolithus Looani, page 100. 

Fig. 7. The central part of an individual without disc, showing five stipes on one side 
and four on the other. This is supposed to be an abnormal form of G» 
Logani, 
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EXPLANATIONS OF PLATE X. 

Graptolithds ootonabiub, page 95. 

Fig. 1. A specimen of natural size, much broken and distorted from pressure. 
'' 2. An enlargement from the preceding figure. 

Gbaptolithus FLixiLiSy page 103. 

Fig. 3. A fragment of slate preserving more than half of a frond, and showing the 

folding and crossing of some of the branches. 
" 4. A fragment preserving parts of three individuals, the extremities of the branches 

all broken off. 
'' 5. The central portion of the frond of another individual. 
" 6. Separated branches preserving the cellules in unusual perfection. 
" 7. An enlargement of the centre of the frond, fig. 5, showing the short radicle 

and the usual mode of branching. The central part of the axis is roanded| 

with a narrow corneous alation at the sides. 
" 8. A bifurcated fragment enlarged, from fig. 4 : the cellules have been flattened 

vertically, causing them to be visible in slight indentations on both sides of 

the axis. 
9. A portion of a branchlet enlarged from fig. 6, showing one part compressed 

laterally, with the cellules fully expanded, while the other, on the right 

hand, is gradually twisted so as to show only the back of the branchlet. 
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EXPLANATIONS OP PLATE XI. 

Graptolitrub BIGIDU8, page 105. 

Fig. 1. A fragment preserving the centre and principal branches. 
" 2. A larger specimen, showing the principal ramifications of the branches. This 

and the preceding specimen show only what appears to be the non-cellu- 

liferous portion of the frond. 
" 3. The extreme parts of some branchlets laterally compressed, showing the ceUa« 

liferous parts of the frond. 
" 4. An enlargement of one of the branchlets of fig. 3. 
" 5. A strong branch with part of the branchlets, showing the lower side or non- 

celluliferous portion of the frond. 

Gbaptolithus abnobmis, page 106. 

Fig. 6. A fragment of slate preserving the centre and the branches on one side to 
beyond the first bifurcation. The other side is imperfect, and apparently 
less developed. 

Gbaptolithus Looani, page 100. 

Fig. 7. The central part of an individual without disc, showing five stipes on one side 
and four on the other. This is supposed to be an abnormal form of G, 
Logani. 
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EXPLANATIONS OP PLATE XIL 

Graptolitbus Richardsoni, page 107. • 

Fig. 1. A fragment of slate, preserving a stipe, with six branches in its apparent con- 
tinuation, and impressions of two others in the intermediate space ; two of 
these again bifurcating. 

" 2. A fragment preserving several brancblets, which are compressed in different 
directions, showing the sides and apertures of the cellules. 

" 3. An impression of a bifurcating fragment, the cellules of which were filled with 
mineral matter and vertically compressed. 

" 4. A fragment of a branch laterally compressed. 

" 6. The impression of a bifurcating branch where the cellules are somewhat 
obliquely compressed, and partially filled with mineral matter. 

" 6. A fragment enlarged, giving a lateral view of the cellules. 

'' 7. An enlargement from an impression of a branchlet, from fig. 5, which is 
obliquely compressed, having the cellules filled with mineral matter. 

'' 8. Enlargement of a fragment, from fig. 1, where the cellules are filled with min- 
eral matter and vertically compressed. 

Graptolithus ramulus, page 108. 

Fig. 9. A small bifurcating branch. 
*^ 10. An enlargement of fig. 9, showing the form and extent of the cellnles. 
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EXPLANATIONS OF PLATE XIII. 

GbAPTOLITHUS QUADBUfnOBOMATUB, pBgO 144. 

Fig. 1. Part of a stipe compressed in a slightlj oblique direction, still showing the 
cellules on the two sides. 

" 2. A stipe compressed more obliquelj, so as nearly to obscure the cellules on 
one side. 

'^ 3. A specimen compressed verticallj to the celluliferous side of the stipe. 

" 4, 5, and 6. Enlargements from specimens, figs. 1, 2, and 8 respectively. 

'^ *!. Enlargement from a specimen where the solid axis lies near to one side. 

** 8. A specimen obliquely compressed, so that the mucronale points at one angle 
of the cellules of the left side, are pressed through the test, and show on 
the surface as a range of pustules. The axis is displaced, and seen on one 
side of the centre. 

" 9. A diagram representing a theoretical longitudinal section. 

<* 10. A transverse section of a stipe with the mucronate extensions of the cell- 
margins. 

Olimaoograptus antbnnahius, page 112. 

Fig. 11. A young individual, compressed in such a manner that the cell-apertures are 
not shown upon the margin. 

*^ 12. A flattened stipe, presenting only the mucronate terminations of the cell- 
apertures beyond the margin. 

" 13. An older individual, showing the margins of the stipe extending beyond the 
cell-apertures, while the cellules are visible in the substance of the stipes 
as darker areas. 

DiPLOGRAPTUS iNUTiLis, page 111. 
Fig. 14. A piece of slate preserving fragments of two individuals. 

DlPLOGBAPTUS PBISTINIFOBMIS, page 110. 

Fig. 15. A fragment of a stipe, showing the usual form and proportions of the best- 
preserved specimens. 

" 16. A smaller individual, with the mid-rib or axis extending beyond the body of 
the stipe. 

" 17. An enlargement from fig. 16, showing more distinctly the form of the cellules. 
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EXPLANATIONS OP PLATE XIV. 

Rbtiolitbb iNBiPORMiii, page 114. 

Figs. 1, 2, 3. Individuals showing gradations in growth, and slight differences in their 
proportions. 
" 4. A nearly entire stipe of the largest size observed. 
" 6. An enlargement from the specimen fig. 2. 

RlTIOeBAPTUS TIHTAOULATUS, page 116. 

Fig. 6. An individual of the natural size, with the marginal reticalations nearly entire. 
" 7. The preceding specimen enlarged. 

<' 8. An enlargement of another individual, where the marginal reticulationB are 
but partially preserved. 

Rbtioouiptus eccharib, page 146. 



Fig. 9. An illustration of a compound form of the genus, enlarged to fonr diameters. 
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EXPLANATIONS OF PLATE XY. 

Prtllooraptui TTPUt, page 119. 

Fig. 1. An extremely short and broad form of this ipecief, with the axis broad, and 
showing some remains of the cellules at the base of the separated diTiaion. 

" 2. An elongate-ovate form of stipe, with a broad axis, which does not show 
remains of cellales. Some of the cellules in the npper part of the stipe are 
filled with iron pyrites. 

'' 8. A form similar to the preceding, showing remains of cellales on the npper 
part of the axis. 

" 4. An elliptical form of stipe, where two of the divisioni hare been aeparated 
leaving the bases of two sets of cellales. 

** 6. A broadly elliptical form, from which two of the divisions and the axis have 
been removed ; showing the bases of the cellales of the folia which remain 
in the slate. 

" 6. A stipe compressed in the same direction as fig. 3 of the generic illustrations 
page 119 ; with a part of one of the folia removed, but not reaching to the 
axis. The lines of the cell-partitions appear as if continued across the 
axis. 

" 7. An elongate-lanceolate form of stipe, which does not show cellales in the 
line of the axis. 

" 8. An elongate-elliptical and very symmetrical specimen, showing the marks of 
cellules along the axis, which is unusually narrow. 

" 9. A part of a stipe folded in the manner of fig. 6, the upper portion of one side 
preserving only the impression of the substance. In the lower part, the 
cell-markings on the axis should be shown more distinctly. 

" 10. A group of small stipes upon the surface of a piece of shale. These are given 
in their natural size and in their actual relations to each other. 

" 11. An enlargement of a part of an impression of a stipe which has been flattened 
in the direction of figs. 6 and 9. A portion of the substance remains, as 
shown on the left hand ; the cellales filled with iron pyrites. 

'* 12. An enlarged portion from a stipe, showing the doable cell-denticles and 
corresponding cell-partitions. The narrow spaces on the surface of the 
figure are more elevated than the wider ones, with a greater thickness 
of the substance; which I suppose may have been caused by the cell- 
partitions, which are obliquely compressed, thus showing the cell-denticles. 
These elevated spaces become gradually narrower towards the axis, in 
accordance with the form of the cells, as shown in the theoretical figure 10 
plate xvi. 
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EXPLANATIONS OP PLATE XVIIL 

DiNDROORAPTus? (Callooraptub 7) Dirrusus, page 132. 

Fig. 1 A portion of a broken frond from near the base. The test is removed In some 

parts, showing celluliferous markings. 
'* 2. A fragment of another specimen with similar cell-markiDgs. 
" 3. An enlargement, showing the cell-apertures. The specimens are extremely 

compressed. 

Callooraptub ilboanb, page 134. 

Fig. 4. A fragment which is more lax and spreading, with shorter branchlets 
than the ordinary specimens, but having similar striae, and a similar arrange- 
ment of cellules. 

DSNDROGRAPTUB GRACILIS, page 132. 

Fig. 5. Two of the larger branches with their sub-divisions, of the natural size. 
' 6. An enlargement from one of the branchlets, showing the striate surface and 
the 'deep indentation of the cellules. 
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EXPLANATIONS OP PLATE XIX. 

Oallooraptus ilboasb, page 134. 

Fig. 1. A fragment of a frond, natural size. 

" 2. A nearly entire flabcUiform frond. The two shaded lines ranning nearly yer- 
tically through the figure, are due to faults or slips in the slate, causing a 
slight overlapping of the laminse, and an Intermption of the continuitj of 
the frond. 

** 3. An enlargement, showing the lateral connection of the branches at irregular 

intervals. 
** 4. A further enlargement of the non-celluliferons side of a bifurcating branchleti 
showing the striated surface and a semi-articalate strnctore. 

Oallogbaptus Saltibi, page 135. 

Figs. 5, 6. Fragments of two distinct fronds ; one showing the celluliferons side, and 

the other the non-celluliferons side. 
** 7. An enlargement from the non-celluliferous side, showing a few transverse dis- 
sepiments at irregular intervals. The figure has the same degree of 
enlargement as fig. 3 of C. elegaru, 
*' 8. A farther enlargement of a bifurcating branchlet, showing the cell-apertures. 
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BXPLANATIOirei OP PLATE XVI. 
Phtllooraptub iLioiroLiuB, page 121. 

Fig. 1. An indiyidaal of the natural sizei where the folia 6, a* are broken entirely 
awaj beyond the axis, leaving the bases of the cellales of two adjacent 
folia visible, except at the upper part of the figore, where two or three of 
the bases of the other cellules remain. 

" 2. A similar specimen, showing the bases of a set of cellules on each side of the 
centre, with two or three of those belonging to the broken folium at the 
base of the figure. 

" 3. An enlargement of fig. 2, showing more distinctly the cellules on each side 
of the central line, and the small remaining portion at the base. 

" 4. A specimen of the natural size, where one folium is broken away not quite 
so far as the axis, leaving the bases of its cellules visible. 

" 6. An enlarged figure from a specimen which has been imbedded transversely. 
Three of the divisions have been broken away, leaving impressions of the 
lateral ones only, and of the cell-bases and cell-partitions of the fourth 
division, which are directed obliquely upwards from the axis and point of 
view. The lower part of the specimen preserves a portion of the lateral 
folia, with the bases of the cells of the outer division a*, which are directed 
towards the axis. 

" 6. An enlargement of a specimen which is imbedded obliquely, or in a direc- 
tion as if the theoretical figure 10 were vertically compressed, leavipg 
no visible axis. In the lower half of the specimen, the fossil has been 
separated in the opposite slaty laminae, leaving only the impression of that 
side, which also shows no axis. In the upper half of the specimen, the cel- 
lules are well preserved, and on the left-hand side the apertures are con- 
spicuous. Enlarged to three diameters. 
It will be observed that the impression is not quite in the same direction 
as the outline in the upper portion of the figure, owing to the obliquely- 
compressed folia. 

" 7. A specimen compressed in the same manner as fig. 6 ; the upper folia have 
however been separated, except the bases of a few of the cellules in the 
upper part of the figure, leaving the other two folia imbedded in the shalCi 
and showing the bases of their cellules ascending from the axis. Enlarged 
to three diameters, as in fig. 6. 

'* 8. An enlarged figure of a specimen compressed in the direction first described 
without any separation of the parts *, from which cause there is no proper 
axis visible. In this condition, the specimens resemble Grfi^/o/tMiM/o/uMi 
of Hisinger, or G. ovattu of Barrande. 

" 9. An enlargement of a specimen compressed as in fig. 8, but with the cellulei 
filled, and the margins of the upper two folia broken, showing the cell- 
openings. (8 and 9 are enlarged to twice their natural size.) 

" 10. A restoration of the form of P. ilieifoHut, showing the four divisions ; which 
are represented as cut through transversely, exhibiting the cell-cavities. 

* These letters refer to the illustrative figures, page 119. 
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EXPLAVATIOm OF PLATB XYI, ooBtlnned. 

Phtllo«baptub Avva, page 134. 

Fig:. 11. A ffpeeimra with tlie fblia obliqiielj oompreiMd. 

'< 12| 13| li. IndiFidaali showing tome rarietiasofform. The specimens haye all 
been so imbedded that one of the folia has been torn awaj in the separated 
lamiiMS of shale, leaving an axis marked bj the bases of its cellules. 

'< 16. An enlargement of a specimen which has one of the laminsD yerticallj im- 
beddedi and shows the bases of the cells as thej recede from the axis. The 
markings at the sides are from the impressions of the folia, except a small 
fragment of one remaining on the left-hand side of the figure. 

" 16. An enlargement from a specimen where the two lateral folia remain, showing 
the bases of the cells of the foliam which has been broken off, in the 
separated laminsD of slate. The sarfoce is distinctly striated. 

Phtllogbaptub AMGUsTifOLiUB, page 125. 

Fig. 17. A small and comparatively wide specimen, with a distinct linear axis, but 
withont evidence of cellules. 

" 18. A more elongate specimen, with distinct axis, with a darker line in the centre. 

'< 19, 20, 21. Varieties of form and proportion. The specimen fig. 21 is the largest 
observed. 

This species is placed under Phyllograptui from its similaritj in form to 
others of the genus, although evidence of the quadruple division has not 
been established. The want of parallelism of the margins, and the sub- 
elliptical form would, I conceive, be sufficieirt to remove it fi-om the genus 
Diplograptui. 

Gbaptolithus BiasBTi, page 86. 

Figs. 22, 23, and 24 illustrate a common condition of this species, where two of the 
divisions show the lateral faces, while the non-celluliferous edge of a 
third division is seen lying nearly vertically in relation to these. The 
fourth division has been broken off in the separated film of slate. 

<' 25. A specimen showing the lateral faces of two divisions. Below these, in the 
shale, are seen the non-celluliferoas edg^s of the two other divisions. 

« 29 and 30 show a still closer arrangement of the parts, and the contiguity of 
the nou-celluliferous edges at the apices, which are scarcely perceptibly 
separated in the shale. 

*' 26. An individual where the apices of the divisions are in contact, either conjoined| 
or accidentally so placed, with a narrow space in the centre. In obscure 
specimens it is difficult to separate such forms from Phyllograptus, 

" 2T. An individtial where the divisions are equally spreading : one of them pre- 
serving only the base of the stipe. 

« 28. The same enlarged. 



I 






f 





iS 



v"; I 







Bzn«ui:iTio!is or n>An xn, imifaBii. 

pKruwunv* Asm, pac* 1(4. 

t'll. a H«ilM« VM «■ (kite nMlaiu-l; wepMMd. 

U, I), K tnilirldtuli ikowimf MiM TwbllM DflbtitL Tht tfebntx 

IMM «n u»ImMmI (hu iiM ef tto bUa bu bMa Urn ■*■/ lo tb* d 
h»lM» or thai*. 1m>I«( m uI* cMrlMd hj tb« bNM ef )U nllnl 

IS. Aa (MUtfaniKnt uT k ipsirlaiBit wbMi bu one of Um [amlft* nrilM 

IwMad, h4 ihawi tW Wia of tlM'MlU M tt*/ KOid* /Hm lb« Uk. fh 
warithn* at Um (IiIm an fna U* liti|»MilMt of ibf fi-.lfe, eievpl ■ i^ill 
IkapBBnt af «M nnalalaf an llii kft'biud diU i>f tte B(«ni. 

It. Aa ••iuff*«*ot rnaa b f^^tata wMm lh> iva IawmI IMI* mnnii), ilmli^ 
lb* kMM «r (b» »tli ofOi* MHm wUdb bta btn bruka •«, l» tb 
aapaMM Ualaa vF lUla. Tte nAn b dbtlaeUj aOteiad. 



L 



Prrtu>aUi>Ti)l AnanPMJni |>te« lU. 

It. A tnall M»fl rMB]iantKdf vUa tpeal—ai, wlib a dtattnet HnMr uli, b< 

■riiboul (i«M*nc« of c«l1«t«a. 
IS. A mm •loofil* ip*ilBi*D, win fUttncl ul*. irilh ■ aulut Ibn tn Uw eCrdn 
1>, 10, 11. r«ri*ibi sf ibrv u4 prapvrilsn. TIm i|»c1iii(a if. II !■ ih« tai]^ 

Tbii iiMdM !■ :>Im>(4 iiad«r nif/Tivpq^w frou lit liBlUrliT Id Am I 
dlbtn er tba funni^ kllliniitb s(ld*D<a rtf iba qua^rupla dltMlun !n«M 
bMA MUfclf|b*d. Tha vkul of panlKlitTD «l lb* Kirfio, oaii ihc m 
•IlipliOal r«ra| « " - _- - - 



IStulsfliral sinorji rf tCsTiafia. 




f 



:(^ /h w ml ,ii»: 



EXPLANATIONS OP PLATE XVII. 

DiNDROORAPTUB FL1XU08U8, page 127. 

Fig. 1. A small frond of the natural size. 
2. A part of a larger frond. 

Dendrooraptus DiYBROiNB, page 129. 

Figs. 3, 4. A specimen of natural size, and an enlargement of the same. 

Dendrograptub btriatus, page 129. 

Fig. 6. A fragment of a frond, preserring the bases of some of the branches. 
'' 6. A portion of the non-cellaliferoas surface enlarged. 

Dendrograptub iriotub, page 130. 
Fig. 7. The principal stipe, and bases of some of the branches, of the natural size. 

DiNDROGRAPTUS FRUTIOOBUB, page 131. 

Fig. 8. A frond which is apparently nearly entire. 
" 9. A more diffuse form of the same species, with some of the branches broken off. 
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Kigs !' 4. A -i" >.'i-.i'ii of ::.i* i:ui •'ire, and an ■ ni.'\r^« Dienl uf the same. 

i'l.MJUOMUrTrfl J-Tl.lATL-:»» I'iige 129. 

Fitr. T'. V ^ .1- Mi»".t '■ L l.-unv], pro-MTvinij tb«' basc^ ot *omf of the branches. 
•••'•, ■'♦.•*..,(.• lUMi-ctllulifi r-u* sui face iMilarj^f'i. 

. K.\i>n'»(}RA: TL8 EPII'-TI**, JUlgC 130. 

FV- . .. ; .■ ^pcj iiiid I)a*JCa ri^rtr^* of the branches, of the nataral size. 

■'LNPROi.HAPTCd Hi» TlC'OSr*!, JUlgC Vol. 
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EXPLANATIONS OF PLATE XX. 

DiOTTonDiA ISRIOULARI8, page 136. 

Fig. 1. A fragment from near the base of a frond. 
** 2. A fragment from the outer portion of the frond. 

DiOTTomuiA ROBUST A, page 137. 

Figs. 3, 4. Fragments of two different fronds. In some parts of the specimen fig. 3, and 
in all of fig. 4, the branches are extremely flattened and attenuate. 

DiOTYONIMA QUADRANQULABIS, page 138. 

Fig. 6. A fragment of a frond, of the natural size. 

DiOTYONSMA MuRBATi, page 138. 
Figs. 6| 7. Fragments of two fronds ; the figures of the natural size. 
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EXPLANATIONS OP PLATE XXI. 

% 

Ptilooraptds PLUM08D8, page 140. 

Fig. 1. A fragment which is three times branched. 
" 2. A slender simple branch. 
*' 3. An enlargement from the specimen fig. 1. 

" 4. A further enlargement of a portion of the same ; some of the branches showing 
markings like cell-apertures. 

Ptiloqbaptub Geinitzianus, page 140. 

Fig. 5. A branching fragment showing the celluliferous side. 
" 6. A fragment which is irregularly branched, showing the non-celluliferons side. 
" 7. A single branchlet of the same species. 
'' 8. An enlargement from fig. 5, showing the cell-apertures. 

Thamnogbaptus Anna, page 141. 
Fig. 9. A fragment of the specieSi of the natural size. 
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